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For Superior Geophysical Recordings 


HALOID RECORD 


SEISMOGRAPH RECORDING PAPER 


@ From the proving grounds of field and laboratory come enthusi- 


astic reports of the high quality of Haloid Record. Under actual pro- 
duction conditions, Record is meeting the demands of critical geo- 
physicists. For Haloid Record successfully combines photographic 


excellence and abuse-resistance. 


As a result, under extreme adverse conditions, you can depend 
upon Record for consistently high performance . . . vivid contrast 
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... Strength... and other ideal features. 
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Write today for complete information and samples. 
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One Sure Way... 


you can beat the Guessing Game 


Don’t Guess when completing an oil well! 


PERATORS both large and small, in increasing 
numbers, are seeing for themselves that there is 
no adequate substitute for a careful, scientific analysis 
of cores made at the well as coring progresses. Only in 
this way can the operator be assured of reliable and prompt (usually with- 
in 3 hours) information upon which to make his decisions regarding com- 
pletion, production and evaluation problems. 
Core Laboratories, Inc., offers its clients (1) a back-ground of experi- 
ence covering most of the oil producing areas of the United States; (2) a 


nation-wide service of completely equipped portable lab- 
oratories available at most drilling sites in the U. S. A. on 


a few hours notice. ; 


ble 1 
Complete Labonalimy Analysis al the Well 
out 
GENERAL OFFICES-SANTA FE BLDG., DALLAS the United States. 


X Base Points Located in Following Cities: 
TEXAS: HOUSTON, CORPUS CHRISTI, LUBBOCK @ LOUISIANA: SHREVEPORT, LAFAYETTE 
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SURVEY TIME 


CUT IN HALF 
—and. the hole is. surveyed. better 


A Performance Record with the New 


SPERRY-—SUN 


U.S. Patents 2,240,417; 2,246,319 & others pending 


(Electro-Chemical} 


This letter from the Louisiana fields tells its own story. And 
it's just one example of the kind of job the new E-C Inclinom- 
eter is doing for a growing number of drillers! 

"The crews all prefer to run the E-C, as it has given less trouble 
than any other instrument (inside or open hole)... . We can 
take three records in less time than it used to take to make 
one on the other instruments. Records are now taken every 


125 ft. rather than 250 to 300 ft., 
and consequently the hole is better 


about the E-C 
Inclinometer 
Self-Checking 

No timing device needed 
Minimum recording time 

Operates on ordinary measuring line 
Permanent records—instantly 
Multiple recording 

Reasonable rental charges 

Lowest operating cost 


drilled. We have cut our survey time 
in half. At the cost of rig time, this 
is a great saving." 

These days, when fast, efficient drill- 
ing is a must—you can't afford to 
overlook this new development. Full 
information at any of our offices. 


Sample Record 


Note difference in size of 
white dots. Size of dot de- 
pends on length of time in- 
strument is allowed to remain 
at rest. Thus records can be 
made at several different 
depths, and the record at any 
depth definitely identified by 
the size of the dot. 


1608 Walnut Street, Philadelphia, Pa. 


Fort Worth, Texas 
Oklahoma City, Okla. 


Corpus Christi, Texas Lubbock, Texas 
Bakersfield, Calif. 


Houston, Texas 


Odessa, Texas Lafayette, La. Long Beach, Calif. 
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4a mberge Shot - NO 400 00 0 


NO PREMATURE FIRING 


400,000 bullets fired in 9,000 opera- 
tions without a single bullet firin 
prematurely in a well is conclu- 
sive proof of the safety and posi- 
tive control of Schlumberger gun 
perforators! 

Achievement of this remarkable 
firing record is due to the follow- 
ing Schlumberger gun perforator 
features: (1) The use of an espe- 
cially powerful smokeless powder 
which is not affected by the highest 
well temperatures and pressures, 
and with maximum insensitivity 
to shock; (2) All electrical controls 
are on the surface constantly at 


the operator's finger-tips; (3) Posi- 
tive selection of firing chamber 
insured by accurately calibrated 
electrical fuses . . . no unpredict- 
able and hazardous caps used 
in the gun. Complete details on 
Schlumberger Gun Perforating will 
be gladly sent on request. 


SCHLUMBERGER 


WELL SURVEYING CORPORATION 
HOUSTON, TEXAS 
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“Here’s the Solution” 


DOWELL FORMATION CLEANER 


"When the producing formations be- 
come clogged with asphaltic materials, 
B.S. or paraffin, a Dowell Formation 
Cleaner Treatment will remove these 
materials. Operators who 
have used this Chemical 
Reconditioning Service re- 
port exceptional results. ... 
The average production in- 


“Here’s the 
condition in 
my sand well!” 


FOR OM AND GAS WELL 
CHEMICAL SERVICE 


crease of 28 wells thirty days after 
treatment was 406%. Ask any Dowell 
representative to show you the inter- 


esting list of Formation Cleaner case 
histories.” 


DOWELL 
INCORPORATED 
Executive Office: Midland, Mich. 
General Office: KENNEDY BLDG., 


TULSA, OKLAHOMA 
Subsidiary of The Dow Chemical Co. 
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WEST TEXAS-NEW MEXICO SYMPOSIUM: PART II 


FOREWORD! 


RONALD K. DEFORD? anp E. RUSSELL LLOYD? 
Midland, Texas 


The West Texas-New Mexico symposium is composed largely, but 
not entirely, of papers read at the mid-year meeting of the American 
Association of Petroleum Geologists in El Paso, Texas, September 29- 
30, 1938. Part I, published in January, 1940, contains introductory 
and pre-Permian papers, and was planned to serve as an introduction 
to Part II, which would deal mainly with Permian rocks. Several 
difficulties intervened. First, the total of manuscript material proved 
to be too large to permit publication in a single number of the Bulle- 
tin. Second, manuscripts were submitted at different times. Some 
important papers read at E] Paso have not been submitted for pub- 
lication but may yet appear. Papers were published as received, for it 
seemed unfair to both author and reader to hold back completed 
manuscripts while waiting for those long delayed. Therefore, the fol- 
lowing papers can be considered as separately published parts of the 
symposium. 


Addison Young, Max David, and E. A. Wahlstrom, “Goldsmith Field, Ector 
County, Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 23, No. 10 (October, 1939), pp. 
1525-52. 

Walter B. Lang, “Salado Formation of the Permian Basin,” ibid., pp. 1569-72. A 
geological note containing an important redefinition. 

John Emery Adams, M. G. Cheney, Ronald K. DeFord, Robert I. Dickey, Carl O. 
Dunbar, John M. Hills, Robert E. King, E. Russell Lloyd, A. K. Miller, and C. E. 
Needham, “Standard Permian Section of North America,” zbid., Vol. 23, No. 11 (No- 


vember, 1939), pp. 1673-81. 

George A. Kroenlein, ‘Salt, Potash, and Anhydrite in Castile Formation of South- 
east New Mexico,”’ ibid., pp. 1682-93. 

Frank E. Lewis, ‘Position of San Andres oe West Texas and New Mexico,” 


tbid., Vol. 25, No. 1 (January, 1941), pp. 73-10 
Sam C. Giesey and Frank F. Fulk, doth Cowden Field, Ector County, Texas,” 


ibid., Vol. 25, No. 4 (April, 1941), pp. 593-629 

Ronald K. DeFord and George D. a, “Tansill Formation, West Texas and 
Southeastern New Mexico,” ibid., Vol. 25, No. 9 (September, 1941), pp. 1713-28. 

John M. Hills, “Rhythm of Permian Seas—A Paleogeographic Study,” zbid., Vol. 
26, No. 2 (February, 1942), pp. 217-55. 

Third, Philip B. King included with the short paper which he read 
at El Paso the general results of his extensive field work, the results of 
numerous conferences with geologists in Midland and elsewhere, and 
a detailed study of published literature, to produce the excellent 
treatise here published. This number constitutes Part II of the West 
Texas-New Mexico Symposium and officially concludes it, but in 


1 Manuscript received, October 1, 1941. 
2 Argo Oil Corporation. 
3 Consulting geologist. 
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reality there is no conclusion. Other papers are in process of prepara- 
tion which will add materially to the published information regarding 
the region, and new data are being discovered almost daily. 


CISCO AND WICHITA 


In some respects King’s nomenclature for the groups, formations 
and members which is that at present accepted by the United States 
Geological Survey, is different from that favored by the editors of this 
symposium and in common use among geologists in West Texas. For 
example, most geologists in West Texas would restrict the Cisco group 
(or series) to beds of Pennsylvanian age and the Wichita group to the 
beds of Leonard age below the base of the Clear Fork group. The Wolf- 
camp series includes the beds between the top of the Cisco, thus re- 
stricted, and the base of the Wichita (restricted). This usage was 
proposed in Part I of the symposium. It does no violence to the 
Wichita group, for the Wichita (restricted) is as close to the original 
meaning of Wichita-Albany as is the expanded Wichita of Sellards.* 


MAGDALENA AND ABO 


The term Magdalena has long been synonymous with the Penn- 
sylvanian of New Mexico. Most petroleum geologists follow this usage. 
To the editors, therefore, it seems inexpedient that King, partly at the 
suggestion of C. B. Read, has expanded the term Magdalena so as to 
cross a systemic boundary and include beds of Wolfcamp age. Read’s 
“upper unit of the Magdalena” is commonly assigned to the Abo.** 

Some geologists who have made reconnaissance trips in the area 
between the Sacramento Mountains and the Hueco Mountains believe 
that the “tapering wedge of Abo” mentioned by Darton is really a 
tongue of Yeso redbeds. The correlation of the Abo with the Hueco 
seems better to fit the subsurface data from the deep wells east of the 
Sacramento Mountains and west of the Pecos River, than Read and 
King’s suggestion that most of the Abo is Leonard. Furthermore, 
according to John M. Hills, the upper continental redbeds of the Abo 
can be traced across the basin into the upper Wolfcamp of north- 
central Texas. 

OTHER PROBLEMS 

At King’s suggestion, a few footnotes have been added by the 
editors to call attention to some other divergences in interpretation 
not mentioned by King and to data brought to light since his paper 
was written. 


4 E. H. Sellards, ‘““The Pre-Paleozoic and Paleozoic Systems in Texas,”’ in “Geology 
of Texas. Vol. I. Stratigraphy,” Univ. Texas Bull. 3232 (August 22, 1932), pp. 170-71. 
Sellards’ usage is followed in King’s Pl. 2, columns g and ro. See footnote 241, p. 668. 


42 See footnote 258a, p. 675. 
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PERMIAN OF WEST TEXAS AND 
SOUTHEASTERN NEW MEXICO! 


PHILIP B. KING? 
Washington, D. C. 


ABSTRACT 


Purpose and plan of paper.—The primary purpose of this paper is to interpret the 
geologic history of the West Texas region during Permian time, although only the last 
chapter is actually devoted to the subject. To lay the framework for this interpretation, 
earlier chapters describe two standard sections of the West Texas Permian, the manner 
of sedimentation of the Permian rocks, and the correlation of the Permian rocks 
throughout the West Texas region. The information and conclusions presented in these 
chapters form the basis of the conclusions regarding geologic history that are given in 
the final chapter. 

Chapter One. Introduction —For purposes of this paper, the term ‘‘West Texas re- 
gion’’ is defined as including not only an area in Texas, but also the adjacent southeast- 
ern part of New Mexico. In the region, Permian rocks form an important component 
of the geologic section. In the central part of the region they are buried, but they are 
exposed on the east in broad plains, and on the west in mountain ranges. Two of the 
ranges on the west, the Guadalupe Mountains and the Glass Mountains, contain nearly 
complete sequences of the system, and these serve as type sections. Based largely on 
these two sections, the later Paleozoic rocks of West Texas have been divided into four 
series, the Wolfcamp, Leonard, Guadalupe, and Ochoa. This classification is followed in 
this paper, where the Wolfcamp series is classed as Permian (?) in age, and the remain- 
ing three series as Permian in age. 

Chapter Two. Guadalupe Mountains section—The Guadalupe Mountains section is 
described on the basis of new and hitherto unpublished results by the writer and his 
associates. The components of the section include beds exposed not only in the Guada- 
lupe Mountains, but also in surrounding areas. They include the Wolfcamp and Leonard 
series as exposed in the Sierra Diablo, the Guadalupe series as exposed in the Guadalupe 
Mountains and the Delaware Mountains, and the Ochoa series as represented east of 
the last two ranges. 

The rocks of the Guadalupe Mountains region were deposited near the edge of a 
feature of Permian time known as the Delaware basin, along whose margin they show 
complex changes in facies. The rocks laid down outside the basin, in what is here termed 
the shelf area, are thus very different from contemporaneous basin deposits. 

The Wolfcamp series is represented in the shelf area by the Hueco limestone. This 
lies with marked structural unconformity on Pennsylvanian and older rocks, but its 
fauna is more or less transitional in character from Pennsylvanian to Permian. In the 
basin, the series apparently changes into black limestone and shale. In places, it is 
separated by an unconformity from the Leonard series. 

The Leonard series is represented by the Bone Spring limestone. This consists of 
black, thin-bedded limestone and some shale in the basin, but changes into gray lime- 


1Includes results presented in papers before the Association at New Orleans, 
Louisiana, in March, 1938, and El Paso, Texas, in September, 1938, and the results of 
work financed by the Geological Society of America which provided a grant (No. 29-33) 
from the Penrose Bequest. Published by permission of the director of the Geological 
Survey, and of the secretary of the Geological Society of America. 

In this paper, the classification of the Permian and its subdivisions closely follows 
the recommendations made by the Permian sub-committee of the Association, under 
the chairmanship of C. W. Tomlinson, as published in the Bulletin in February, 1940. 
The series into which the Permian is subdivided are, however, considered to be local in 
application, and one of the series, the Wolfcamp, is classed as Permian (?). These differ- 
ences from the recommendations of the subcommittee represent personal preferences of 
the author. 

The classification of groups, formations, and members in the paper is that at present 
adopted by the Geological Survey for use in its publications. 

Manuscript received, October 1, 1942. 


2 Geologist, Geological Survey, United States Department of Interior. 
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stone in the marginal and shelf areas. The lower part of the gray limestones along the 
margin includes reef masses. The upper part is a more continuous sheet that is termed 
the Victorio Peak gray member. The abundant Leonard fauna has little in common with 
that of the Pennsylvanian, and is considerably different from that of the Wolfcamp. It 
is the first characteristically Permian assemblage in the sequence. In the marginal and 
shelf areas, the series is separated by an unconformity from the Guadalupe series. 

The Guadalupe series in the Delaware basin is represented by the Delaware Moun- 
tain group, divided into three formations and numerous members. It is a mass of 
sandstone with some thin limestone beds. Toward the margin of the basin, the lower 
formation disappears by overlap on the Leonard series, and the middle and upper for- 
mations change into reef masses of the Goat Seep and Capitan limestones. In the shelf 
area, these limestones become thinner-bedded, and finally change into an evaporite 
facies known as the Chalk Bluff formation. The fauna of the Guadalupe series, like that 
of the Leonard series, is characteristically Permian, but is of more advanced type. Prac- 
tically the whole of the fossil record comes to an end at the top of the Guadalupe series. 

The Ochoa series is dominantly an evaporite facies, and consists mainly of an- 
hydrite and salt, but with some dolomitic limestone and redbeds. It contains beds of 
potash salts that are being mined at three places east of Carlsbad, New Mexico. Its 
lowest formation was deposited only in the Delaware basin, and disappears by overlap 
on the Guadalupe series along the margin. The succeeding formations spread beyond 
the basin. The series contains no diagnostic fossils, but the physical relations strongly 
favor its being a natural part of the Permian system. 

Chapter Three. Sedimentation and tectonics in Guadalupe Mountains region.—In this 
chapter on the conditions of sedimentation in the Guadalupe Mountains region the 
thesis is advanced that sedimentation was closely related to tectonic features, which 
produced irregularities on the sea floor; hence, differences in depth. This relation was, 
however, very complex, and the features that developed resulted from a variety of 
factors. Many of the irregularities on the sea floor were directly of erosional or deposi- 
tional origin, although their ultimate origin may have been tectonic. 

The Delaware basin was a region in which subsidence was greater than in surround- 
ing areas. The sediments laid down there during Permian time were nearly twice as 
thick as in the shelf areas. During parts of Permian time, the water in the basin was 
deep, whereas the water on the shelves remained shallow. Sedimentation was thus 
nearly continuous in the basin, but was interrupted by unconformities on the shelves. 

Along the exposed margins of the basin are a number of monoclinal flexures. These 
appear to have been in existence during Permian time and bear not only a geometric 
relation to the basin, but probably also a genetic relation. Several periods of movement 
before, during, and after Permian time appear to have taken place along them, and to 
have had an important influence on the distribution of facies in the older Permian 
deposits, especially those laid down during Leonard time. 

The reefs in the younger Guadalupe series are also closely related to the margins 
of the basin. During growth, they rose steeply from the deep water of the basin, but 
deposits behind them in the shelves lay at the same level as their tops. Evidence indi- 
cates that they owe their location to the shoaling of the water along the edge of the basin, 
a condition that was partly of tectonic origin, and that growth was maintained by con- 
tinued greater subsidence of the basin than of the adjacent shelf areas. 

Chapter Four. Glass Mountains section—The sequence in the Glass Mountains 
has been described in various earlier publications, so that it is only briefly treated here. 
Correlations with the Guadalupe Mountains section are discussed, and several new in- 
terpretations are presented. Among these is the suggestion that an unconformity 
exists in the upper part of the Leonard series in the eastern Glass Mountains, and that 
the Word formation of the Guadalupe series includes thick reef masses (Vidrio member) 
in the same district. These reef masses had previously been considered to be a part of 
the younger Capitan limestone. 

Chapter Five. Regional correlations.—Correlation of the sections in the Guadalupe 
Mountains and the Glass Mountains with sections in other parts of the West Texas 
region presents many problems, because of great changes that take place in lithologic 
and faunal facies. All available methods of correlation, including various physical and 
paleontological techniques, are therefore used. 

The Wolfcamp series and its equivalents contain marine fossils throughout most 
of the West Texas region. These include the genera Pseudoschwagerina and Proper- 
rinites, as well as other distinctive-fusulinids, ammonoids, and other invertebrates. The 
fusulinids are especially useful in differentiating beds of Wolfcamp age in subsurface. 
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In central Texas, beds of Wolfcamp age probably extend from the Harpersville forma- 
tion of the Cisco group to a horizon in the Admiral formation of the Wichita group, but 
the precise limits are not certainly known. In New Mexico, the Wolfcamp equivalent 
includes the upper part of the Magdalena group, and perhaps the lower part of the Abo 
sandstone, as those units are used in mapping. 

In the Leonard series and its equivalents, the marine facies is more restricted than 
in the Wolfcamp series, although some thin beds with marine fossils extend far out into 
the shelf. areas. The series contains the genus Perrinites, the older species of the genus 
Parafusulina, and various other distinctive invertebrates. In central Texas, the Leonard 
equivalent apparently includes the upper part of the Wichita group, the Clear Fork 
group, and the San Angelo, Blaine, and Dog Creek formations. Its top is limited by the 
unconformity at the base of the Whitehorse group. In New Mexico, the Leonard equiva- 
lent includes the Yeso and San Andres formations, and perhaps most of the Abo 
sandstone beneath. In the intervening Llano Estacado, where the section is known only 
from subsurface work, considerable uncertainty exists about the upper boundary. Some 
of the limestones in this district that have been assigned to the San Andres formation 
may be of Guadalupe age. 

The Guadalupe series in the Delaware basin is characterized by the later species of 
the zone of Parafusulina (part of which may be termed the Parafusulina rothi assem- 
blage), by the more advanced fusulinid genus Polydiexodina, and by the ammonoids 
Waagenoceras and Timorites. Very few of these and other distinctive invertebrates 
extend outside the basin area, due to marked restriction of the area of marine environ- 
ment. East and northeast of the Delaware basin is the Whitehorse group, which has 
been correlated with the Guadalupe series by physical methods. Beneath the White- 
horse in the Llano Estacado, but not extending to the surface in central Texas, are 
beds containing the Parafusulina rothi assemblage. These beds are probably also 
Guadalupe in age. 

The Ochoa series is believed to be confined to the West Texas region, and not to 
reach the outcrops in central Texas or Oklahoma. 

Chapter Six. Paleogeography and geologic history.—Before Wolfcamp time, the rocks 
of the West Texas region were considerably deformed. To the south, a geosynclinal 
area was strongly folded and faulted to form the Marathon folded belt. The foreland 
to the north, before Permian time, was more gently folded and several uplifts were 
raised and deeply eroded. 

During Permian time, the foreland area was divided into a number of irregularly 
shaped provinces which received different types of deposits, and which were probably 
tectonically unlike. Some were basin areas, like the Delaware basin. Others were shelf 
— Akin to the shelves were several narrow masses, or platforms, lying between the 

asins. 

Following the conclusions reached in Chapter Three, the provinces are believed to 
have been of tectonic origin, the basins being areas of greater subsidence, the platforms 
and shelves areas of less subsidence. The provinces appear to have been inherited from 
the pre-Wolfcamp foreland features, and each platform seems to be underlain by one of 
the more important pre-Wolfcamp uplifts. The Permian tectonic features may have 
been formed during a time of dominant crustal tension, following the pre-Wolfcamp 
time of dominant crustal compression. 

These tectonic features were at least partly responsible for the stratigraphic fea- 
tures found in the Permian rocks. The basins were centers of accumulation of clastic 
rocks—first black shales and later sandstones—and the total thickness of beds deposited 
in them was greater than elsewhere. Limestone tended to form over all the higher- 
standing areas. Landward, because of climatic conditions that favored evaporation, 
evaporites were laid down in the fringing seas. On the margins of these seas, redbeds 
were deposited that were derived from the bordering lands. 

In Wolfcamp time the seas spread over the whole of the West Texas region, but 
from Leonard time onward they became progressively more restricted, so that the belts 
of redbeds , evaporites, and limestones encroached farther toward the Delaware basin. 
One notable encroachment of evaporite took place in later Guadalupe time, when most 
of the area north and northeast of the Delaware basin was covered by it. Another took 
place in Ochoa time, when the Delaware basin itself was covered. 

The general and gradual retreat of the seas was complicated by several lesser 
fluctuations, which from time to time caused marked restrictions and readvances. The 
most notable of these were at the end of Leonard time and the end of Guadalupe time, 
when the seas appear to have been nearly restricted to the Delaware basin. Following 
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each restriction, the area of deposit and the seas gradually spread out again. These two 
restrictions may have arisen, not from local causes, but from a widespread change in 
sea-level with respect to the land, due either to a broad uplift of the continent, or to 
some sort of eustatic change. 

The final event of Permian time was the disappearance of evaporite-depositing 
waters from the West Texas region, and the spreading over it of the last formation of 
the Ochoa series, a thin sheet of redbeds. After this, deposition ceased in the area until 
later Triassic time. 


PREFACE 


The Permian of West Texas and southeastern New Mexico is a 
large, complex, and fascinating subject, on which knowledge is rapidly 
growing by the active work and collaboration of many geologists. Its 
complete story is by no means assembled, but will continue to be 
enlarged and perfected. 

This paper brings together available information and ideas current 
in 1938 and 1939. Some of its conclusions will not be permanent, be- 
cause of the steady growth of knowledge. Other summaries that have 
been published in the past, including one of the writer’s that appeared 
in 1934, are now more or less obsolete for this reason. Since that date, 
various investigations on Permian fossils of the region have been 
carried forward or completed, the records of many new wells drilled 
into the buried strata have become available, and the writer has done 
further field work in the Guadalupe Mountains and the Sierra Diablo. 
All this has served to modify the conclusions presented 8 years earlier. 

The contents of this paper are to a large extent the product of all 
the geologists working in the region. Here, perhaps more than else- 
where in the country, interchange of ideas and codperation between 
geologists have been unusually free. No one person may thus claim 
credit for the interpretations given here. The writer’s original contri- 
bution to the subject has to do mainly with the surface stratigraphy 
of several of the mountain areas. 

The first part of the paper summarizes the results of the work of 
the writer and his associates in the Sierra Diablo and the Guadalupe 
Mountains. Knowledge of the stratigraphy of these ranges supple- 
ments that of the Glass Mountains, described in earlier publications, 
and helps in the interpretation of the relations elsewhere in the West 
Texas region. Field work in the Sierra Diablo was carried out as a 
project of the Geological Survey. Field work in the Guadalupe Moun- 
tains was also conducted under Survey auspices, but was financed in 
part by a project grant from the Penrose Bequest of the Geological 
Society of America. The Geological Society has kindly waived its 
claim to the publication of the results, and has graciously given per- 
mission for them to be printed in the Bulletin of the American Asso- 
ciation of Petroleum Geologists. 
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During the writer’s field work in the region, he was fortunate to 
have been associated with R. E. King, J. B. Knight, and H. C. Foun- 
tain. He remembers with pleasure their fruitful geological discussions, 
during which many of the ideas given in this paper had their inception. 
Such ideas are as much theirs as the writer’s. Between field seasons, 
the writer has also obtained much help from discussion of fossil collec- 
tions with paleontologists, particularly the late G. H. Girty, as well 
as C. O. Dunbar, A. K. Miller, J. S. Williams, and C. B. Read. He has 
also had much helpful correspondence regarding fossil algae with 
Julius Pia, of Vienna. Information obtained from these men is sum- 
marized in this paper. 

The last part of the paper—the discussion of regional features of 
the West Texas Permian—extends beyond the writer’s observations, 
and deals with both surface and subsurface features. In West Texas, 
these two types of features are closely related, and each supplements 
the other. Much published subsurface information is cited at appro- 
priate places in the paper. The unpublished data were gathered during 
several pleasant sojourns at Midland, Texas, and Carlsbad, New 
Mexico, when the writer received generous help from geologists work- 
ing there. Among others, mention should be made of J. E. Adams, 
R. K. DeFord, J. M. Hills, R. E. King, Edgar Kraus, E. R. Lloyd, 
and J. W. Skinner. 

The last of these visits was made in the spring of 1939. Since that 
time, much further drilling has been done, and more information has 
no doubt accumulated which may modify or change the conclusions 
here presented. Some attempt has been made to bring the manuscript 
up to date by correspondence, but it is possible that some of the recent 
developments have been overlooked. 

No list of acknowledgments would be complete without mention- 
ing the help of the writer’s wife, Helen C. King, as well as the com- 
mittee in charge of the West Texas Symposium and the staff of the 
Geological Survey. It was through their encouragement that the 
writer undertook the preparation of so formidable a paper, and they 
aided him later by their thorough and helpful reading of the manu- 
script. 

CHAPTER ONE 


INTRODUCTION 


REGIONAL SETTING 


The term West Texas region is here applied rather indefinitely to 
the western part of the state (exclusive of the Panhandle area), and to 
the southeastern part of New Mexico, which is geologically continuous 
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Fic. 1.—E] Capitan, at south end of Guadalupe Mountains (from an engraving in Bartlett’s 
Personal Narrative of Explorations in Texas, etc., published in 1854). 
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pulf Oil Corp Swenson 2 - Crosby F-I 19. Perkins (American Liberty) Cowden 1 Andrews D-II 28. Superior Oil Co. Massey 1 Crockett F-IV 
tumble Oil & Refg. Co. Eubanks 1 Gaines E-lD _ 20. Pinal Dome Oil Co. Means 1 Loving D-III 29. N. B. Updike Williams 1 Culberson C-III 
tumble Oil & Refg. Co. Kokernot 1 Pecos D-IV 21. Plymouth Oil Co. Hanna 1 Coke G-II 30. Vacuum Oil Co. Elsinore 1 Pecos E-IV 
lumble Oil & Refg. Co. Lewis & Wardlaw 1 Tom Green G-III 22. Pure Oil Co. Harrison 1 Pecos D-IV 31. Wilcox Oil & Gas Co. Cerf 1 Pecos E-IV 
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with the adjoining part of Texas. The region is generally underlain by 
Paleozoic rocks. It covers approximately the area shown on Plate 1 
(folded insert). As indicated by the inset figure on this plate, if a 
similar area were marked off in the eastern United States, with Wash- 
ington as its center, it would cover all the states of Maryland and © 
Delaware, substantial parts of New Jersey, Pennsylvania, West Vir- 
ginia, and Virginia, and would extend for several hundred miles into 
the Atlantic Ocean as well. 

The West Texas region is underlain by sedimentary rocks of the 
Permian system which attain a thickness of 12,000 feet. In places they 
crop out in high mountain ranges, in others in low plains. Instill 
others, they are buried, and can only be reached by the drill. Some of 
the rocks are redbeds, others evaporites, but the dominant ones—in 
contrast to those of the Permian in many other parts of North America 
—are of marine origin. The great thickness of beds present leads one 
to suspect that the Permian sequence is nearly complete, and that 
deposition went on through the period with only minor interruptions 
from the Pennsylvanian to the Triassic. This is partly confirmed by 
fossils contained in the marine strata. As now known, the West Texas 
Permian sequence can thus take its place on an equal footing with the 
great Permian marine sequences of Europe and Asia. 

In the western part of the region, beyond the Pecos River, rise the 
eastern ranges of the Cordillera (Pl. 1). In many of the ranges, es- 
pecially toward the north, a former cover of Mesozoic and Cenozoic 
rocks has been removed, so that the Permian rocks lie bare on their 
crests, and on dip slopes are inclined toward the east. Near the Pecos — 
River, the Permian rocks pass beneath a varying thickness of Triassic 
and Cretaceous rocks, which are overlain in turn by late Cenozoic 
deposits that form the cap of gently sloping high plains, the Llano 
Estacado. Toward the east, the high plains break off in frayed-out 
escarpments, and, in the lower denuded region beyond, the Permian 
rocks appear again, dipping toward the plains as they do west of the 
Pecos, but in the opposite or westward direction, and at a somewhat 
lower angle. 


CHARACTERISTIC FEATURES 


INTRODUCTION 


Even brief study of the West Texas Permian discloses stratigraphic 
features of unusual complexity. Outcrops on a mountain side may 
consist of alternating limestones, sandstones, and shales, containing 
abundant fossils of marine origin, and apparently separable after the 
usual fashion into groups, formations, and members. But where these 
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are traced along the mountain face, or up some near-by canyon, they 
lose their identity within short distances, and are replaced by other 
units of quite different lithologic character. Rocks of a single age may 
be sandstone at one place, but a few miles away may be limestone, 
and at a still greater distance anhydrite (Fig. 2). Furthermore, whole 
mountain ranges may consist of monotonous sequences of limestone, 
whereas others near by may be composed dominantly of sandstone 
or some other rock. Similar bewildering changes in the Permian rocks 
are encountered in subsurface work. 

The occurrence of Permian rocks in West Texas was first reported 
in 1858 by B. F. and G. G. Shumard,’ only 17 years after the system 
had been established by Murchison. Partly because of its stratigraphic 
peculiarities, however, knowledge of it has lagged behind that of other 
systems, or even of the Permian of other areas. The stratigraphic com- 
plexities have also retarded exploration and development of the pe- 
troleum resources of the region. Satisfactory results have only been 
possible in the last two decades, when rocks on the outcrops could be 
compared with those in subsurface, and their nature in the entire 
region thereby determined. 


STRATIGRAPHIC COMPLEXITIES 


As a result of the recent stratigraphic work, the seemingly hap- 
hazard local detail is resolved into some sort of order. The region can 
be divided into a number of irregularly shaped subsidiary parts, or 
provinces, in each of which the Permian rocks are characterized by 
similar stratigraphic sequences and structure (Pl. 1 and Fig. 18). The 
greatest and most complex stratigraphic changes take place on the 
boundaries between provinces, and in the same manner and direction 
in all parts of the section (Fig. 2). Many of the great limestone masses 
which occur near the boundaries are now interpreted as reef deposits. 
Adjacent mountain ranges of unlike lithologic character, such as those 
noted, actually lie in different provinces. 

The complex features of the Permian rocks may be interpreted as 
caused by the interaction between tectonic features, and a distinctive 
sort of marine sedimentation. Tectonic features, such as areas of sub- 
sidence and uplift, came into existence early in Permian time, and 
persisted or were even renewed during the period. These formed the 


3 B. F. Shumard, “Notice of New Fossils from the Permian Strata of New Mexico 
and Texas,”’ Trans. St. Louis Acad. Sci., Vol. 1 (1858 (1860)), pp. 290-97. 
, “Notice of Fossils from the Permian Strata of Texas and New Mexico,” 


ibid., pp. 387-403. 
G. G. Shumard, “Observations on the Geological Formations of the Country be- 
tween the Rio Pecos and the Rio Grande, in New Mexico,” ibid., pp. 275-89. 
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provinces aforementioned. Perhaps because of the dry and warm 
Permian climate, marine waters that extended over the region tended 
to be saturated with dissolved constituents. Limestone, partly in the 
form of reef deposits, therefore tended to form over all the rises on the 
sea floor, including uplifts of tectonic origin, and evaporites tended to 
accumulate in areas enclosed by the rises. Areas of subsidence and 
deeper water that were in freer communication with the ocean received 
marine sediments of more normal type, most of which were clastic. 


TERMINOLOGY 


In this paper, terms are needed to express the environment and 
structural relations of the different provinces of Permian time. The 
places of greatest subsidence are therefore referred to as basin areas, 
and the rocks laid down in them as having a basin facies. Throughout 
Permian time, such provinces had more or less well defined edges, 
where the most abrupt changes in facies took place. These are termed 
marginal areas. During some, but not all of Permian time, the deposits 
laid down in the marginal areas were limestone reefs. Where these are 
prominently developed, the margin may be termed the reef zone, and 
the shelf behind it the back-reef area. 

Beyond the basins were regions of less subsidence, or, from time 
to time, of actual uplift. These provinces are referred to as shelf 
areas, and the rocks laid down in them as having shelf facies. Between 
some of the basins were relatively long, narrow shelf areas, apparently 
more active tectonically than the other shelves. These are referred to 
as platforms. Several of the basins were connected around the ends 
of the platforms by narrow depressions that are called channels. 


RELATION OF PERMIAN PROVINCES TO SURFACE FEATURES 


After Permian time, most of the tectonic features that gave rise to 
the provinces of the period were gradually obliterated, and new fea- 
tures were superimposed on them. It is true that the Llano Estacado 
was not only an area of deposition in Permian time, but is broadly 
synclinal to-day, as indicated by opposing dips on the east and west 
sides. But the Permian rocks exposed on its eastern side are mostly 
redbeds, of a facies typical of the margins of the sea, whereas those on 
the southwest side are of marine origin, and were laid down toward the 
center of the sea, rather than at its edge. 

The subsidiary parts of the area of Permian deposition, or prov- 
inces, are only poorly expressed at the surface. Within the Llano 
Estacado, they are masked by slightly disturbed younger strata, and 
are revealed only by drilling. West of it, in the trans-Pecos region, 
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they have been deformed by the mountain-making of Cenozoic time. 
One of the areas of subsidence in Permian time, the Delaware basin 
(C and D-III, Pl. 1), has thus been tilted eastward toward the Llano 
Estacado, and its western half now stands high above its original 
position, so that rocks laid down in it are exposed in some of the 
mountain ranges of the trans-Pecos region. 


TYPE SECTIONS 


Knowledge of West Texas Permian stratigraphy rests on two 
pillars—two regions in which the longest Permian sequences are ex- 
posed: the Glass Mountains towards the south (D-IV, Pl. 1), and the 
Guadalupe Mountains toward the north (C-II, Pl. 1). At one time 
or another, each of these sequences has been used as a standard of 
reference for correlating the West Texas strata with those elsewhere 
in the world. Recent work indicates that the section exposed in the 
Guadalupe Mountains is perhaps best adapted for the purpose, but 
because of extensive prior usage of the other section, it seems un- 
desirable to designate either one specifically as the type. Both sections 
are referred to many times in this paper. 

The Guadalupe Mountains section was studied first, and was re- 
ported on in some detail by Richardson‘ and Girty.5 The Glass Moun- 
tain section was described afterward by Udden® and Bose.’ Since that 
time, the most useful stratigraphic and paleontologic studies have 
dealt with the Glass Mountains.* Papers published on the Guadalupe 
Mountains have contained extensive revisions of the stratigraphy, but 
have also indicated the need for further, more detailed studies. During 
the last decade, the Glass Mountains section has thus been the one 
generally used for correlation purposes. 

In recent years, new stratigraphic and paleontologic studies of the 
sequence exposed in the Guadalupe Mountains region have been com- 
pleted by the writer and his associates. Most of the results have not 
been published before. They are summarized in Chapters Two and 
Three. Equally full treatment of the Glass Mountains section is un- 
necessary, as this has been adequately described in previous publica- 


4G. B. Richardson, “Report of a Reconnaissance in Trans-Pecos Texas North of 
the Texas and Pacific Railway,”’ Univ. Texas Bull. 23 (1904), pp. 38-45. 

5 G. H. Girty, “The Guadalupian Fauna,” U.S. Geol. Survey Prof. Paper 58 (1908). 

6 J. A. Udden, “Notes on the Geology of the Glass Mountains,” Univ. Texas Bull. 
1753 (1918), pp. 3-59. 

7 Emil Bése, “The Permo-Carboniferous Ammonoids of the Glass Mountains and 
Their Stratigraphical Significance,” Univ. Texas Bull. 1762 (1919). 


8 For bibliography, see footnotes 167-76a, pp. 642-43. 
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tions. However, in Chapter Four some notes on it are included, to call 
attention to recent observations and interpretations. 

Both the Glass Mountains and the Guadalupe Mountains sections 
consist dominantly of marine sedimentary rocks that were deposited 
near the edge of the now uplifted western half of the Delaware basin 
(Fig. 2). Both include rocks of about the same age and facies, and 
contain similar assemblages of fossils. In the Glass Mountains, subse- 
quent deformation and erosion have caused the strata to be exposed 
in a continuous, north-tilted sequence, beginning with the Penn- 
sylvanian at the south. In the Guadalupe Mountains and near-by 
ranges, exposures of members of the sequence are dispersed over a 
wider area. 

The wider spacing of outcrops of the sequence in the Guadalupe 
Mountains region has delayed the working out of the stratigraphy, 
but it has enabled geologists to discover more at the surface about 
changes in facies and structure than was possible in the Glass Moun- 
tains. Moreover, in the Guadalupe Mountains region, some physical 
events that seem to be of regional importance are clearly indicated, 
whereas in the Glass Mountains they are obscure. 

Of the two sections, that in the Guadalupe Mountains is best 
adapted for correlations into surrounding regions. The Permian rocks 
in the Glass Mountains are surrounded by Cretaceous and other rocks, 
and relatively few wells have been drilled near them down the dip. 
Those in the Guadalupe Mountains are more or less continuous on the 
surface with Permian outcrops elsewhere in northern trans-Pecos 
Texas and eastern New Mexico. Also, many wells have been drilled 
east of the mountains, so that the strata exposed there can be traced 
down the dip by subsurface methods, into the beds beneath the Llano 
Estacado. Because of their situation, the Guadalupe Mountains are 
thus the natural starting point for any scheme of correlation north- 
eastward across the Llano Estacado into the Mid-Continent area, or 
northwestward into the Cordilleran province. 


BOUNDARIES OF PERMIAN 

Before continuing the discussion of the Permian system, some at- 

tention must be given to its upper boundary with the Triassic, and its 

lower boundary with the Pennsylvanian. The position of both has 
been debated at some length. 


UPPER BOUNDARY 


In the West Texas region, a considerable paleontological gap exists 
between the youngest rocks with definite Permian fossils and the old- 
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est rocks with definite Triassic fossils. The youngest definite Permian 
fossils occur in the Guadalupe series and belong to the zone of Poly- 
diexodina and Timorites. According to Miller® a still younger Permian 
ammonoid zone, that of Cyclolobus, is present in parts of the eastern 
hemisphere. The oldest definite Triassic fossils in Texas occur in the 
Dockum group, and are probably Upper Triassic in age,!® but older 
Triassic fossils are present in the rocks of the Cordilleran province of 
North America. 

In West Texas, the gap between the Permian and Triassic fos- 
siliferous beds is in part bridged by redbed and evaporite deposits 
which contain only a few fossils, and these not sufficiently diagnostic 
to determine the age. A large part of these deposits is placed in the 
Ochoa series which is generally considered to be a part of the Permian, 
because it seems to have a closer physical relation to the undoubted 
Permian deposits beneath than to the undoubted Triassic deposits 
above. Thus, the Ochoa series closely resembles the underlying Guada- 
lupe rocks of shelf facies, and it is either conformable on the older beds 
or separated from them by minor unconformities. A much greater 
change in sedimentation and unconformity is supposed to separate the 
Ochoa series from the Dockum group above. Nevertheless, Roth" has 
suggested that beds now placed in the Ochoa series may be Triassic, 
and in view of the lack of paleontological evidence to the contrary, 
this interpretation must be considered as possible. 

Even if agreement could be reached on these larger features, doubt 
will still remain as to some of the minor redbed units near the Ochoa- 
Dockum boundary, such as the Dewey Lake, Pierce Canyon, and 
Quartermaster formations. Largely on the basis of physical evidence, 
some of these have been placed in the Permian, some in the Triassic, 
and some have from time to time been shifted from one to the other. 


LOWER BOUNDARY 


The boundary with the Pennsylvanian beneath is open to equal 
question, although it lies in a part of the section which is largely of 
marine origin and abundantly fossiliferous. Here, the problem does not 
result from any ambiguity of the local section, but from world-wide 

9 A. K. Miller, “Comparison of Permian Ammonoid Zones of Soviet Russia with 
Those of North America,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22, No. 8 (August, 
1938), p. 1org. 

10 W. S. Adkins, “Mesozoic Systems,”’ in Geology of Texas, Vol. Univ. 
Texas Bull. 3232 (1933), Pp. 242-47. 

1 Robert Roth, ‘Evidence Indicating the Limits of Triassic in Kansas, Oklahoma, 
and Texas,”’ Jour. Geol., Vol. 40 (1932), pp. 688-775. In this paper, Roth also suggested 


that the Whitehorse group and related beds were Triassic, but evidence subsequently 
obtained indicates that these are definitely Permian. 
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uncertainty about what standards should be followed in defining the 
Permian system. How much weight should thus be given to prevailing 
usage at the type locality in European Russia, and how much to usage 
elsewhere, as in western Europe and the United States? How should 
the evidence furnished by fossil invertebrates, vertebrates, and plants 
about correlation and evolutionary changes be used? What are the 
relative values of the three groups for the purpose? What use should 
be made of unconformities and other physical features, both as con- 
venient lines of separation in mapping, and as indices of fundamental 
geologic changes? 

These questions have been much debated, and some especially 
fruitful discussions have been published within recent years.” It seems 
unnecessary to repeat here the evidence and arguments presented in 
these papers, and the reader is referred to those cited for further 
details. 

The main debate at present involves the Wolfcamp series and its 
equivalents, although this does not include all-the beds whose status 
has been questioned at one time or another." Correlation by means of 
invertebrate fossils with the type Permian area in Russia indicates 
that the Wolfcamp corresponds approximately with the Sakmarian 
stage of the southern Urals.“ The latter is variously classified by the 
Russian geologists. Some (perhaps the greater number) would place 
it in the Carboniferous; others would place it in the Permian. Fossil 
plants which occur in strata of Wolfcamp age in North America indi- 
cate a correlation with the lower Rotliegende of western Europe. This 
is commonly regarded as Permian, although its relations to the type 


2 A. S. Romer, “Early History of Texas ‘Red-Beds’ Vertebrates,”’ Bull. Geol. Soc. 
America, Vol. 46 (1935), pp. 1642-47. 

J. S. Williams, ““Pre-Congress Permian Conference in the U. S. S. R.,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 22 (1938), pp. 771-76. 

P. B. King, “Geology of the Marathon Region, Texas,” U. S. Geol. Survey Prof. 
Paper 187 (1938), pp. 86-87. 

J. S. Williams, “Lower Permian of the Type Area, U. S. S. R.,”’ Jour. Washington 
Acad. Sci., Vol. 29 (1939), pp. 351-53- 

C. O. Dunbar, “The Type Permian: Its Classification and Correlation,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 24 (1940), pp. 237-81. 

C. Moore, “Carboniferous-Permian Boundary,” ibid., pp. 282-336. 

C. W. Tomlinson et al., ‘Classification of Permian Rocks,” zbid., pp. 337-58. 

A. K. Miller and W. M. Furnish, “Permian Ammonoids of the Guadalupe Moun- 
tain Region and Adjacent Areas,”’ Geol. Soc. America Spec. Paper 26 (1940), pp. 25-26. 

A. S. Romer and L. W. Price, “Review of the Pelycosauria,”’ ibid., Spec. Paper 28, 
pp. 23-24. 

18 The early history of the Carboniferous-Permian boundary is summanized in 
Charles Schuchert, “Review of the Late Paleozoic Formations and Faunas, with Spe- 
cial Reference to the Ice-Age of Middle Permian Time,”’ Bull. Geol. Soc. America, Vol. 
39 (1928), pp. 774-77. 


“4 A, K, Miller, of. cit., p. 1016. C. O. Dunbar, of. cit., pp. 266-67. 
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Permian section are uncertain. Such plants are generally regarded by 
paleobotanists as indicating a Permian age of the enclosing beds.'* In 
extensive areas in the United States, such as the Mid-Continent and 
West Texas regions, beds of Wolfcamp age are generally placed in the 
Permian by geologists working there. Elsewhere in the United States, 
as in the northern Cordilleran region, beds believed to be equivalent 
have been placed in the Pennsylvanian. 

In this paper, the Wolfcamp series is classed as Permian (?) in age. 


SUBDIVISIONS OF PERMIAN SYSTEM 


The working-out of a satisfactory subdivision of the Permian of 
West Texas is a difficult task. The obvious units in any local area are 
lithologic, but as already indicated, such units change laterally into 
others of quite different character, so that the system is an inter- 
fingering complex of different sorts of rock. 

Most of the large number of stratigraphic names that have been 
used for subdivisions of the West Texas Permian apply to such lith- 
ologic units. While these serve a useful local purpose, they are a 
hindrance rather than a help in expressing broader relations, and es- 
pecially the correlation of beds from place to place. Within the last 
decade, geologic work in the region has indicated that it is possible to 
divide the Permian over wide areas into larger subdivisions which are 
of chronologic, rather than lithologic, significance. Such distinctions 
are possible because of the existence of certain fossil zones, of uncon- 
formities, and changes in sedimentation. 

These broader subdivisions of chronologic significance were for- 
mally named and defined in 1939.° To them, in ascending order, the 
names Wolfcamp, Leonard, Guadalupe, and Ochoa series have been 
given. In this paper, the series are considered as provincial terms, 
applying only to the West Texas region rather than to North America 
as a whole and the Wolfcamp series is classed as Permian (?) rather 
than Permian in age. 


1 C, B. Read, personal communication, 1940. 


16 J. E. Adams e¢ al., “Standard Permian Section of North America,”’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 23 (1939), pp. 1673-81. 
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CHAPTER Two 
GUADALUPE MOUNTAINS SECTION 


INTRODUCTION 
COMPONENTS OF SECTION 


Rising to a commanding height above its surroundings is ‘‘the bold 
head of the great Guadalupe Mountain” as a pioneer traveler once 
called it (Fig. 1).!” Its summit, Guadalupe Peak,'® has an altitude of 
8,751 feet and is the highest point in Texas. A short distance south of 
the peak, the mountain ends in the nearly vertical precipice of El 
Capitan, 1,000 feet in height and visible for 100 miles or more in nearly 
every direction. 

On the precipice and mountain slopes below, a great thickness of 
nearly horizontal limestones and sandstones is exposed, most of which 
belongs to the Guadalupe series of the Permian system. However, 
projecting a short distance above the Cenozoic deposits at the bottom, 
are black limestone ledges of the underlying Leonard series, with their 
base not visible. To see the downward extension of the sequence, one 
must travel southwestward to the near-by Sierra Diablo (C-III, Pl. 1), 
where older rocks come to the surface. Here is exposed not only the 
Leonard series, but also the underlying Wolfcamp series, which rests 
in turn on a basement of deformed older rocks. 

On the peak and precipice, no rocks younger than the Guadalupe 
series are exposed, but toward the east, where the land slopes gently 
away with the dip of the strata, are low gypseous hills carved from 
the anhydrite of a younger formation which forms the oldest part of 
the succeeding Ochoa series. This series reaches its full thickness east 
of the mountains, but because its rocks are poorly resistant and exten- 
sively overlapped by younger formations, it is not well exposed. 
Knowledge of it must be gained chiefly from the many wells that have 
been drilled through it in that area. 

Taken together, these three components—the older beds exposed 
in the Sierra Diablo, the beds on the slopes of Guadalupe Peak, and 
the higher beds penetrated in wells east of the Guadalupe Mountains 
—form a composite but nearly complete section of the Permian sys- 


17 J. R. Bartlett, “Personal Narrative of Explorations and Incidents in Texas, New 
Mexico, California, etc., Connected with the United States and Mexican Boundary 
Commission,” Vol. 1 (1854), p. 117. 

18 This name, used throughout the paper, is applied to the high summit of the 
Guadalupe Mountains, and follows a recent decision of the United States Board of 
Geographical Names. The summit is also known as E] Capitan and Signal Peak. By a 
decision of the Board, the name El Capitan is given to the lower promontory at the 
south that is also known as Guadalupe Point. 
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tem. For brevity, it is referred to in this paper as the Guadalupe 
Mountains section. 


GEOGRAPHY AND TECTONICS 


In the Guadalupe Mountains region, the landscape is dominated 
by block-like mountains and intervening desert basins, shaped from 
segments of the earth’s crust that were upheaved or depressed during 
the mountain making of Cenozoic time. The depressed segments are 
largely mantled by Cenozoic bolson deposits. The upheaved segments, 
the mountains of to-day, are composed of consolidated sedimentary 
rocks, largely belonging to the Permian system. Faults and other fea- 
tures of Cenozoic age that outline the upheaved and depressed seg- 
ments cut cleanly across the older tectonic and stratigraphic features 
of Permian time, including the Delaware basin, whose western edge 
extends as a half-circle into the mountain area (compare Figs. 8 and 
10). Rocks laid down within the basin are not of the same lithologic 
character as those on the adjacent shelves, and erosion resulting from 
the upheaval of the ranges has carved them into contrasting land 
forms. 

The Guadalupe Mountains themselves are only a part of a larger 
upheaved crustal segment, more than 100 miles long, which is tilted 
gently eastward toward the Pecos Valley, and is broken off by faults 
on the west. The large, northern part, the Guadalupe Mountains (Fig. 
3), and the small, southern part, the Apache Mountains (Fig. 4) con- 
sist largely of limestones which were laid down on the shelves beyond 
the edges of the Delaware basin. Because of their resistance to erosion 
in the arid climate, the limestones project as high mountain ridges. 
The central part of the segment, the Delaware Mountains, consists of 
rocks laid down within the Delaware basin. These are largely sand- 
stones, which have been carved into lower plateaus and cuestas. East 
of the Delaware Mountains, down the dip of the strata, are the rolling 
hills of the Gypsum Plain, carved from anhydrites of the Ochoa series 
that overlie the sandstones. At a greater distance, nearer the Pecos 
Valley, are the mesa-like Rustler Hills, capped by a still higher, resist- 
ant limestone stratum. 

The limestone upland of the Guadalupe Mountains has much com- 
plexity in detail (Fig. 3). Its form is wedge-shaped, with the apex 
toward the south, where it culminates in Guadalupe Peak. The west 
side of the wedge is outlined by the faults along the edge of the up- 
heaved segment, and descends in precipitous escarpments toward the 
Salt Basin that flanks it on the west. The southeast side, facing the 
area of the former Delaware basin in the Delaware Mountains and 
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Gypsum Plain, is also outlined by a declivity which, for reasons that 
will become apparent later, is here termed the Reef Escarpment.!® 

Northward, the Guadalupe Mountains split into several compo- 
nents, partly because of faulting and partly because of the intercalation 
of poorly resistant anhydritic wedges in the limestone. The main range 
extends northward as a high, broad-backed central ridge. West of it 
is the prong of the Brokeoff Mountains, from which it is separated by 
the fault trough of Dog Canyon. East of it is a prong that extends 
northeastward behind the Reef Escarpment as far as the Pecos River. 
Lang terms this the Barrera (or barrier), and recognizes as subdivi- 
sions of it such features as Guadalupe Ridge, Azotea Mesa, and the 
Seven Rivers Hills. It is separated from the central ridge by the Seven 
Rivers Embayment, a lowland carved from one of the anhydritic 
wedges.”° 

The upheaved segment of which the Guadalupe Mountains are a 
part is flanked on the west by the depressed segment of the Salt Basin, 
now floored by Cenozoic deposits. West of it, and some miles south of 
the latitude of the Guadalupe Mountains, is the upheaved segment of 
the Sierra Diablo (Fig. 4). Here, tectonic features like those in the up- 
heaved segment to the east are repeated in reverse order; the rocks are 
tilted gently toward the west, and are broken off by faults on the east. 
Like the Guadalupe and Apache mountains, the Sierra Diablo consists 
of rocks laid down beyond the edges of the Delaware basin, which, as 
elsewhere, are largely limestones. The range was not lifted as high by 
Cenozoic movements as were the Guadalupe Mountains, yet because 
of earlier movements its rocks stand higher structurally, so that those 
of early Permian and pre-Permian age come to the surface. 


SUMMARY OF SECTION 


Taken together, the three components of the Guadalupe Moun- 
tains section form one of the thickest and most complete sequences of 
Permian rocks in North America. All the series of the system are rep- 
resented, including the Wolfcamp series below, which is classed as 
Permian (?) in age. Within the region, their total thickness varies, but 
is probably nowhere more than 12,000 feet or less than 6,000 feet. The 
greatest thickness is within the Delaware Basin area (Fig. 2 A). 

Other comparably thick sequences of Permian rocks are found in 
the near-by Glass Mountains (5,000 to 7,000 feet),?! at Las Delicias, 

19 This name is newly proposed, and was suggested to the writer by R. K. DeFord. 


20 W. B. Lang, “The Permian Formations of the Pecos Valley of New Mexico and 
Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), pp- 837-44. In this paper, Lang 
used the term La Barrera del Guadalupe for the feature he now calls the Barrera. 

_ ™ P.B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. Amer- 
ica, Vol. 45 (1934), p. 726. 
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Coahuila (10,000 feet), and in the Wasatch Mountains, Utah (4,000 
feet).?* The thickness of beds of Wolfcamp age is included in the first 
figure, but not the last two. 

Most of the Guadalupe Mountains section consists of marine, 
fossiliferous limestones and sandstones, with minor amounts of shale, 
conglomerate, and chert. In the upper part of the section, evaporite 
beds make their appearance, indicating that the area then began to be 
shut off from free access to the sea. In the Guadalupe series, evaporites 
are found only in the shelf areas, but in the succeeding Ochoa series, 
they spread over the entire region. 

Different parts of the section show contrasts in faunas and litho- 
logic character. The four series are in places separated by unconformi- 
ties. Features of this sort create lines of discontinuity between the 
parts of the section, and aid in establishing the series as natural units. 

The units composing the Guadalupe Mountains section are here 
summarized in Table I; and the features which separate one series 
from the next are also noted. 


TABLE I 
SuMMARY OF GUADALUPE MOUNTAINS SECTION 
Upper (?) Trrassitc (Dockum group) at top 
Great unconformity and change in sedimentation. Faunal changes from Ochoa to 
Dockum poorly known, as few terrestrial fossils and no marine fossils are present 
near contact 
Ocnoa SERIES, composed, in descending order, of Dewey Lake redbeds, and Rustler, 
Salado, and Castile formations 
Unconformity and hiatus outside Delaware basin; change in sedimentation in 
Delaware basin from marine sandstones and limestones of Guadalupe series to 
evaporites of Ochoa series; disappearance of abundant marine fossils at top of 
Guadalupe series 
GUADALUPE SERIES, composed, in Delaware basin, of Delaware Mountain group; in 
reef zone, of Capitan and Goat Seep limestones; and in back-reef area, of Carlsbad 
limestone and Chalk Bluff formation 
Unconformity and hiatus outside the Delaware basin: change in sedimentation in 
Delaware basin from non-clastics of Leonard series to clastics of Guadalupe series; 
moderate change in faunas 
LEONARD SERIES, composed in most of area of Bone Spring limestone; possibly repre- 
sented in shelf area at northwest by Manzano group 
Moderate unconformity, moderate change in sedimentation from one sort of 
limestone in Wolfcamp series to another sort in Leonard series; great change in 
fauna, with disappearance of nearly all species of Pennsylvanian aifinities in 
Leonard series, and appearance of truly Permian species 
Wotrcamp SERIES, represented by Hueco limestone, classed as Permian (?) in age 
Great structural unconformity and overlap; moderate change in sedimentation, 
with limestone in Wolfcamp above and Pennsylvanian below in some areas; moder- 
ate change in fauna, with appearance of first species of Permian aspect in Wolf- 
camp above, but with some Pennsylvanian types remaining 
PENNSYLVANIAN (Magdalena limestone of Sierra Diablo and Hueco mountains), in- 
cluding beds of late Pennsylvanian age at top 


22 R. E. King, “The Permian of Southwestern Coahuila, Mexico,’ Amer. Jour. Sci., 
4th Ser., Vol. 27 (1934), pp. 103-04. 


3 A. A. Baker and J. S. Williams, “Permian of Parts of Rocky Mountain and 
Colorado Plateau Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 617-35. 
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As indicated by Table I, the discontinuties between the series are 
of different sorts. In some, the most important changes are physical, 
in others they are faunal. The greatest physical break is thus at the 
base of the Wolfcamp series. Beginning with the Wolfcamp, a type of 
sedimentation set in that continued to the close of the Permian period. 
The nature of the Wolfcamp series as a transitional unit between 
Pennsylvanian and Permian is illustrated, however, by the fact that 
true Permian faunas do not appear with the physical change at the 
base of the Wolfcamp, but somewhat later, at the close of Wolfcamp 
time. In the same manner, the great change in sedimentation at the 
base of the Guadalupe series is accompanied by only a moderate fau- 
nal change. 

WOLFCAMP SERIES 


INTRODUCTION 


The Wolfcamp series is not exposed in the Guadalupe Mountains, 
but comes to the surface in the Sierra Diablo on the southwest. All 
rocks of the Wolfcamp series that are exposed near the Guadalupe 
Mountains were laid down in the shelf area west of the Delaware 
basin, and belong to one formation, the Hueco limestone. 

In the northern half of the Sierra Diablo, as near Marble Canyon 
and Victorio Peak (Fig. 4), the Hueco limestone forms a projecting 
bench at the base of the escarpment, but in the southern half, as near 
the Hazel Mine, it rises to the mountain tops and forms steep cliffs 
along the rim of the escarpment. From the Sierra Diablo, the forma- 
tion continues westward, either at the surface or under a thin cover of 
younger rocks, to the Hueco Mountains (A-III, Pl. 1). 

In the Guadalupe and Delaware mountains, within the Delaware 
Basin area on the east, the oldest rocks exposed belong to the Bone 
Spring limestone of the succeeding Leonard series. Beds of the Wolf- 
camp series lie beneath the surface, and they have probably been 
penetrated by several deep wells drilled in this region. 


HUECO LIMESTONE 


Definition.—The Hueco limestone was first described by Richard- 
son. According to the original usage of the term in the Hueco Moun- 
tains, the type locality, it included beds now known to be Mississip- 
pian, Pennsylvanian, and Wolfcamp in age, whereas in the Sierra 
Diablo it included beds now known to be Wolfcamp and Leonard in 
age. Also, subsequent authors have used different and conflicting 


2s G. B. Richardson, “Report of a Reconnaissance in Trans-Pecos Texas North of 
the Texas and Pacific Railway,” Univ. Texas Bull. 23 (1904), pp. 32-38. 
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terms for the beds in question. Some of these terms are indicated in 
Tables II and III. The terminology indicated in the last column is 
used in this paper. 


TABLE II 


TABLE SHOWING TERMINOLOGY USED BY SEVERAL AUTHORS FOR BEDS ORIGINALLY 


CLASSED AS HuEcO LIMESTONE IN HuUECO MOUNTAINS 


Richard. King & Ki . King, 
Beede, 1920 929 mg; King, 1934 this 
Rocks of 
Leonard age? 
Manzano Gym Hueco ? 
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Bend | 
| Chester 
Helms Lake (Not (Not 
group Fs | Valley? discussed) discussed) 
= | Percha? 
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Despite the wide scope of the first use of the name Hueco in the 
trans-Pecos area, it was consistently used by Girty for a distinct, well 
marked fauna, which now appears to be Wolfcamp in age. When the 
formation was redescribed in 1934,” it was accordingly restricted to 
the rocks that contain the Hueco fauna of Girty. This fauna, and the 
rocks that contain it, were considered by Girty to be entirely pre- 
Guadalupian in age (pre-Leonard age of this paper). 

In recent years, some evidence has accumulated which suggests 
that beds near the top of the Hueco Mountains section, of the same 
lithologic facies as those below, actually are Leonard in age (section 
A, Fig. 5). Thus, many of the brachiopods studied by R. E. King” and 
two species of fusulinids that came from this part of the section and 
were studied by Dunbar and Skinner?’ also occur in the Leonard 
series farther southeast. Not enough work has been done in the Hueco 
Mountains to disclose much about the occurrence and character of 
these highest beds, and they tend to confuse the definition of the for- 
mation. Girty?* has expressed the opinion that, if their Leonard age 
is proved by later work, the formation should be further restricted to 
exclude them. In the Sierra Diablo, the beds classed as Hueco lime- 
stone in this paper appear from faunal evidence to be entirely Wolf- 
camp in age. 

In the Sierra Diablo, as indicated by the table (p. 557), Richard- 
son*® used the term Hueco limestone for all the later Paleozoic rocks 
of the mountains, or essentially for the Hueco and Bone Spring forma- 
tions of the present terminology. This treatment is understandable, 
because most of his fossil collections came from the lower part of the 
section, which contains the Hueco fauna of Girty. In the writer’s 
paper of 1934,°° the resemblance was noted between the fossils in the 
“‘basal beds” of the section and those in the Hueco limestone of the 
Hueco Mountains, but the upper and greater part of the formation 
as now delimited was placed in the Bone Spring limestone. 

25 P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,”’ Bull. Geol. Soc. Amer- 
ica, Vol. 45 (1934), DP. 742. 

26R. E. King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation, with Description of the Brachiopoda,’’ Univ. Texas Bull. 3042 (1931), pp. 


16-17. 
For comparative ranges of brachiopods described by R. E. King, see P. B. King, 


op. cit. (1934), Pl. 104, p. 748. 

27 C. O. Dunbar and J. W. Skinner, ‘Permian Fusulinidae of Texas,’”’ Univ. Texas 
Bull. 3701 (1937), p. 590 and locality 83, p. 721. 

28 G. H. Girty, letter of October, 1938. 

29 G. B. Richardson, “Van Horn, Texas,” U. S. Geol. Survey Geol. Atlas Folio 194 
(1914), p. 5. 

30 P, B. King, op. cit. (1934), pp. 751-53. 
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The present definition in the Sierra Diablo is based on field work 
in 1936 and 1938 and on determinations of fossils that have been made 
since 1934. As now defined, the Hueco limestone includes all the beds 
from the prominent unconformity at the base, up through the highest 
occurrence of Pseudoschwagerina and associated fusulinids, to the beds 
next beneath the lowest occurrence of Leonard fossils. 

Local features—In the Sierra Diablo, the Hueco limestone has an 
average thickness of about 500 feet (section C, Fig. 5). Its lower part 
(the “basal beds” of 1934) consists of conglomerate, sandstone, and 
some interbedded fossiliferous marl and thin limestone. This lies with 
pronounced angular unconformity on an irregular surface of older 
rocks (Fig. 6, A and B), which include lower Pennsylvanian near 
Marble Canyon (Fig. 4), lower Paleozoic in the Baylor Mountains and 
elsewhere, and various pre-Cambrian formations at the south end of 
the range. The clastic components are mostly derived from the rocks 
immediately beneath, and include schist breccias (derived from the 
Carrizo Mountain schist), arkoses (reworked from the Hazel and Van 
Horn formations), and limestone pebble conglomerates (derived from 
the Paleozoic). The basal beds reach a thickness of several hundred 
feet in some places, but in others thin out or even disappear by overlap 
against buried hills of the older rocks. 

Overlying and grading up from the basal beds are several hundred 
feet of limestones, mostly in thin, regular beds, but with some thicker, 
or even massive layers. These are in part calcitic, and in part dolo- 
mitic,*! the first predominating below, the second above, but some 
sequences are composed entirely of one or the other sort. Their thick- 
ness ranges from 150 feet at the east base of Victorio Peak (section C, 
Fig. 5) to 700 feet or more in Apache Canyon (section B, Fig. 5), the 
Baylor and Wylie mountains, and elsewhere. 

The contact of the Hueco with the overlying Bone Spring lime- 
stone is obscure on first view, and its position was, in fact, undeter- 
mined at the time that the paper of 1934 was written. It generally lies 
in the midst of dolomitic limestones, and in places part way up the 
sides of cliffs. On detailed scrutiny, however, it is found to be sharp, 
well marked, and persistent. The beds above and below are of some- 
what different character, and contain different faunas. 

In many parts of the Sierra Diablo, the contact with the overlying 
Bone Spring limestone is definitely unconformable. In most places, the 
beds above and below are parallel, but in some places the beds of the 


3t The terms “calcitic limestone” and “dolomitic limestone”’ are used throughout 
this paper for rocks generally called ‘“‘limestone”’ and “dolomite.”’ This follows the usage 
suggested in W. H. Twenhofel, Treatise on Sedimentation, 2d ed. (1932), p. 283. 
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underlying formation are truncated, and the beds of the succeeding 
formation overlap their eroded surface (Fig. 6, Band C). Such relations 
are strikingly exposed in Apache Canyon near the north end of the 


APPROXIMATE SCALE 


Fic. 6.—Structure sections showing unconformities below and above Hueco lime- 
stone of Wolfcamp series in Baylor Mountains, Sierra Diablo area: (A) at south end of 
mountains, showing unconformity at base of Hueco; (B) in northwest part of moun- 
tains, showing unconformities below and above Hueco; (C) outlying hill northwest of 
mountains, west of State Highway 54, showing unconformity at top of Hueco. Van 
Horn sandstone is pre-Cambrian or Cambrian in age; Bliss sandstone and El Paso 
limestone are Ordovician in age. 


range (Fig. 12, A and B). The variation in thickness of the upper lime- 
stones of the Hueco, where the relations have been worked out in 
detail, seems to have been caused by this unconformity. The Hueco 
limestone does not grade laterally into the Bone Spring limestone, as 
was suggested in 1934. 


82 Besides this evidence of unconformity, Dunbar and Skinner (op. cit. (1937), p. 
589) note that certain fusulinid zones are absent from the Leonard series of the Sierra 
Diablo (Bone Spring limestone) which are present in the lower part of the series in the 
—- — This is thought to indicate a hiatus during early Leonard time in the 

ierra Diablo. 


33 P, B. King, op. cit. (1934), pp. 758-60. 
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WOLFCAMP SERIES IN DELAWARE BASIN AREA 


Although not exposed in the mountains east of the Salt Basin, the 
Wolfcamp series seems to have been penetrated by two wells drilled 
at the west base of the Guadalupe and Delaware mountains: N. B. 
Updike’s Williams No. 1, at a point 33 miles south of Guadalupe Peak, 
and Anderson-Prichard’s Borders No. 1, at a point 14 miles south of 
the peak (Fig. 

In the first well, which was put down near the edge of the Delaware 
Basin area, rocks identified as belonging to the series consist of several 
hundred feet of gray, fossiliferous limestones, interbedded below with 
limestone pebble conglomerate (section F, Fig. 5). These are very simi- 
lar to those of the Hueco limestone which crop out in the Sierra 
Diablo. Those in the second well, which was put down within the 
Delaware Basin area, are of a facies quite unlike any exposed at the 
surface (section G, Fig. 5). They consist of black shale and dark lime- 
stone, similar to those in the overlying Bone Spring limestone, but 
contain the characteristic fusulinid Pseudoschwagerina. The clastic 
materials at the base are grains of arkose embedded in the limestone 
and a few layers of fine-pebble conglomerate composed of igneous 
fragments. In both wells, the Wolfcamp series lies on shales and thin 
limestones, apparently upper Pennsylvanian in age, from which the 
fusulinid Triticites has been identified.® 


FOSSILS 


General character—The Hueco limestone contains a rather well 
marked and characteristic fauna. This occurs not only in the Hueco 
Mountains, where it was first observed, but also in the Sierra Diablo 
and other ranges of northern trans-Pecos Texas. The Hueco fauna as 
a whole has not received comprehensive study,* although many of its 
brachiopods have been described by R. E. King,*’ a few of its gastropods 


%4 Tnformation on the Updike well is obtained from the driller’s log, from notes made 
by J. W. Beede while the well was being drilled, and from study of the cores themselves, 
which are lying unmarked at the well. Information on the Anderson-Prichard well is 
derived from notes furnished by Max Littlefield and Charles Ryniker of the Gulf Oil 
Corporation, based on an examination of cuttings. 


85 C, O. Dunbar and J. W. Skinner, of. cit. (1937), p. 592. 


3% Fossil lists from the formation, by Girty, are given in G. B. Richardson’s publi- 
cations: ‘Report of a Reconnaissance in Trans-Pecos Texas North of the Texas and 
Pacific Railway,”’ Univ. Texas Bull. 23 (1904), pp. 32-37; “El Paso, Texas,’’ U.S. Geol. 
Survey Geol. Atlas Folio 166 (1909), pp. 4-5; ““Van Horn, Texas,”’ ibid., Folio 194 (1914), 
p. 5. Lists in the first two papers, however, include collections from beds now classed as 
Magdalena limestone, and lists in the third include collections from beds now classed 
as Bone Spring limestone. 


37 R. E. King, op. cit. (1931), pp. 16-17. 
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and brachiopods by G. H. Girty,** and all of its known fusulinids by 
Dunbar and Skinner.*® 

The relations of the Hueco fauna to those above and below are 
not known in detail. The fauna seems, however, to have some resem- 
blance to those in the underlying Magdalena limestone, and it might 
be regarded as their modified continuation. Thus, R. E. King notes 
the occurrence in the Hueco of such Pennsylvanian brachiopods as 
Productus (Linoproductus) cora D’Orbigay.** On the other hand, there 
are many differences between the fauna and that of the overlying 
Leonard series, represented in the Bone Spring limestone. Girty*® 
states that the two do not have a single significant brachiopod, gastro- 
pod, or pelecypod species in common, although a few genera, ‘‘such as 
Composita, which show no sculpture, and in which the range in varia- 
tion among specimens in a single collection is sometimes wide, may be 
represented by the same species in both faunas.” Such distinctive 
Permian brachiopods as Prorichthofenia and Leptodus do not occur in 
the Hueco. 

It should be noted, however, that the faunas close to the Hueco- 
Bone Spring contact in the Sierra Diablo have not yet been studied 
in detail. Transitional faunules might be discovered in this area, al- 
though the unconformity between the two formations suggests that 
they are not likely to have been preserved. 

Distinctive fossils —The Hueco fauna is characterized by an abun- 
dance of brachiopods and gastropods. According to R. E. King, the 
brachiopods include the productids,“ Productus wolfcampensis King, 
P. inca D’Orbigny, P. (Buxtonia) peruviana D’Orbigny, and P. (Lino- 

38 G. H. Girty, ‘“New Carboniferous Invertebrates II,” Jour. Washington Acad. 
Sci., Vol. 19 (1929), pp. 406-07, 412. 

“New Carboniferous Invertebrates III,” zbid., Vol. 21 (1931), pp. 390-91. 


, “Three Upper Carboniferous Gastropods from New Mexico and Texas,” 
Jour. Paleon., Vol. 11 (1937), pp. 202-08. 


39 C, O. Dunbar and J. W. Skinner, op. cit. (1937), pp. 587-92. 


3% R, E. King (June, 1941) contributes the following note: “The type of Lino- 
productus cora (D’Orbigny) is from Bolivia, from beds Dunbar says are Sakmarian, 
because they contain Pseudoschwagerina. L. cora should therefore be referred to as a 
Sakmarian (Wolfcamp) brachiopod. The species is commonly identified in Pennsy]- 
= faunas, but the forms so identified may not be conspecific with those from the 

akmarian.”’ 


40 G. H. Girty, letter of December, 1938. 


41 The terminology of the productids as used throughout this chapter conforms to 
that used by G. H. Girty in his memoranda to the writer regarding West Texas Permian 
fossils. Girty writes (memorandum of May, 1938), “I am using the generic name Pro- 
ductus in the broad sense, and typified as it has been for a century by P. semireticulatus. 
In my opinion, the subdivisions of Productus to which distinctive names have been ap- 
plied, such as Pustula, Cancrinella, and so on up to 50 or more, are not of generic rank, 
but I am employing some of these names as subgenera.”’ For Productus ss. of Girty, the 
name Dictyoclostus has been proposed by Muir-Wood. 
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productus) cora D’Orbigny, and various spiriferoids, for example, 
Spirifer condor D’Orbigny. Other common species are Enteletes dum- 
blei Girty and Composita subtilita (Hall). Little has been published on 
the gastropods, although much work has been done on them by Girty. 
The genus Omphalotrochus and various bellerophontids are character- 
istic. Pelecypods are less abundant than the other two groups. Accord- 
ing to Girty, they include Schizodus, Pleurophorus, and a huge and 
striking species of Conocardium. 

Ammonoids are generally absent from the Hueco, and none has 
been found in the Sierra Diablo. Some have, however, been discovered 
near the base of the formation at one locality in the southern Hueco 
Mountains by geologists of the Humble Oil and Refining Company. 
From this place, Miller and Furnish” have identified species of the 
genera Properrinites, Artinskia, Neopronorites, Eoasianites, Metale- 
goceras, Agathiceras, and Peritrochia (=Marathonites). They state 
that, ‘the ammonoid fauna is essentially identical with that of the 
Wolfcamp series of the Glass Mountains, and that of the Admiral 
formation of north-central Texas.” It is therefore a part of the “Artin- 
skia adkinsi assemblage” of Plummer and Scott. 

The fusulinids form a highly characteristic group. According to 
Dunbar and Skinner,“ they include the genus Pseudoschwagerina 
(which gives its name to the zone as a whole), Schubertella (a small 
form), the youngest species of Triticites (abundant in the Pennsyl- 
vanian beneath), and the oldest species of Schwagerina (which contin- 
ues into the Leonard above). The assemblage 
is readily distinguishable from the underlying Pennsylvanian faunas, which 
include none of the above genera except Triticites, and from the overlying zone 
of Parafusulina, where all the genera mentioned above disappear, and divers 
species of Parafusulina dominate the fauna. 


Many of the genera are easily recognizable in hand specimens, and are 
valuable guides in field work. In addition, many of the limestones of 
the Hueco contain great numbers of a minute foraminifer tentatively 
identified as Staffella.® 


4 A, K. Miller and W. M. Furnish, “Permian Ammonoids from the Guadalupe 
Mountain Region and Adjacent Areas,”’ Geol. Soc. America Spec. Paper 26 (1940), p. 

43 F, B. Plummer and Gayle Scott, “Upper Paleozoic Ammonoids in Texas,” Univ. 
Texas Bull. 3701 (1937), pp. 390-GI. 

4 C. O. Dunbar and J. W. Skinner, of. cit. (1937), p. 581. 

45 C.O. Dunbar and J. W. Skinner, of. cit., p. 591. However, Skinner (conversation 
of August, 1938) points out that none of these is well preserved, whereas fusulinids in 
the same beds are well preserved. This indicates that they have a different wall struc- 
ture, and suggests that they may belong to some other group of Foraminifera. Typical 
Staffella occurs in the lower part of the Pennsylvanian. 
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Besides these fossils, many beds in the Hueco contain abundant, 
dispersed echinoid spines and plates, probably of the genus Echino- 
crinus, and other beds contain abundant bryozoans. Pia has also 
described some algae from the Hueco Mountains. 

Facies —The Hueco fauna maintains a rather constant character 
in northern trans-Pecos Texas, wherever the Hueco limestone is found. 
Certain brachiopod and gastropod species are rather uniformly 
abundant, as well as echinoid fragments and “‘Staffella.”’ This suggests 
that the fauna not only characterizes a well marked stage in geologic 
time, but that the environment under which it existed was approxi- 
mately uniform over wide areas. This is of interest because the fauna 
differs in many respects from that of the Wolfcamp formation in the 
Glass Mountains (as indicated in Chapter Four), which many lines of 
evidence indicate is the same in age. That the differences may result 
from unlike environment is suggested by the fact that the typical 
Wolfcamp is not dominantly limestone, as is the Hueco, but is domi- 
nantly shale, with subordinate beds of limestone, sandstone, and con- 
glomerate. Still another faunal facies of the Wolfcamp series probably 
occurs in the black shale and limestone of the Delaware Basin area, 
but this is virtually unknown. 

Some variation in facies has been observed in the Sierra Diablo 
within the Hueco limestone itself. Toward the southwest, brachiopods, 
gastropods, echinoids, and “‘Staffella” are common, and larger fusu- 
linids are rare. Toward the northeast, fusulinids dominate the fauna, 
and most of the other forms disappear. The significance of this change 
is not clear, although the northeastern facies lies closer to the Dela- 


ware Basin area. 
LEONARD SERIES 


GENERAL FEATURES 


Definition.—Overlying the Hueco limestone of the Wolfcamp 
series in northern trans-Pecos Texas is the Bone Spring limestone of 
the Leonard series, a much thicker, more complex mass of deposits 
than the Hueco. The type locality of the formation is in Bone Canyon 
below Bone Spring, on the west slope of Guadalupe Peak (Fig. 3) but 
the best exposures are in the Sierra Diablo on the southwest.‘” In the 

48 J. V. Pia, “Vorldufige Ubersicht der Kalkalgen des Perms von Nordamerika,” 
Akad. Wiss. Wien, Math.-Naturwiss. Kl., Anz. 9, preprint (June 13, 1940). 


47 In the type area, it was originally included as a member in the Delaware Moun- 
tain formation by G. B. Richardson, “Report of a Reconnaissance in Trans-Pecos 
Texas North of the Texas and Pacific Railway,” Univ. Texas Bull. 23 (1904), p. 38, but 
was later separated and given its present name by W. G. Blanchard and M. J. Davis, 
“Permian Stratigraphy and Structure of Parts of Southeastern New Mexico and South- 
western Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), pp. 961-64. For history 
of usage in the Sierra Diablo, see table on page 557 of this paper. 
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northern Guadalupe Mountains of New Mexico, the place of the Bone 
Spring limestone is apparently taken by other formations. 

Distribution.—In the Guadalupe and Delaware mountains east of 
the Salt Basin, the upper part of the Bone Spring limestone crops out 
in a bench of varying height, forming the lower part of the escarpment 
that faces the Salt Basin (Fig. 14 A). Here, its base does not come to 
view. In the northern Guadalupe Mountains of New Mexico, equiva- 
lents of the Bone Spring appear only as inliers. On the opposite side of 
the Salt Basin, in the Sierra Diablo, the formation stands higher, form- 
ing the surface of the lofty northern half of the range, and its lower 
part, resting on the Hueco limestone, is extensively exposed. 

Character—The Bone Spring consists largely of limestones, but 
these are of varied types, the different sorts being complexly interbed- 
ded and interfingered (Fig. 2 A). Those laid down in the shelf area out- 
side the Delaware basin, now exposed in the Guadalupe Mountains 
and the Sierra Diablo, are of different facies from those laid down with- 
in the basin, now exposed in the Delaware Mountains. In the interven- 
ing marginal area, rocks of the two facies interfinger. 


BONE SPRING LIMESTONE IN DELAWARE BASIN AREA 


Thickness.—That part of the Bone Spring limestone deposited in 
the Delaware basin is less well known than that in the marginal area 
as only its upper part comes to the surface. The thickest exposed sec- 
tion is on the promontory of the Delaware Mountains 18 miles south 
of Guadalupe Peak, where 1,500 feet of beds have been measured. In 
Anderson-Prichard’s Borders well No. 1, not far north, and in ex- 
posures near the well, the Bone Spring and underlying Hueco forma- 
tion (which can not certainly be differentiated) have a combined thick- 
ness of 4,540 feet (section G, Fig. 5).*8 

Character.—As shown by this well and outcrops near by, most of 
the formation is a monotonous succession of platy, siliceous shale. 
Fossils, including ammonoids, occur here and there in nodules of more 
granular limestone. Miller and Furnish*® report that many of the am- 
monoid shells retain the living chamber, a fragile structure that is 
usually missing from specimens from other beds and other areas. 
This suggests that the water in which the black limestones was de- 
posited was quiet, and perhaps also deep. 


48 Includes 590 feet of the upper part of the Bone Spring exposed above the top of 
the well. According to J. E. Adams (letter of May, 1939), several faults may have been 
drilled through in this part of the section, as ‘‘chunks of rocks showing slickensides were 
bailed from the hole.’”? Judgment must be reserved as to whether this has materially 
altered the true thickness, but faulting should be kept in mind as a possible source of 
error. 


49 A. K. Miller and W. M. Furnish, personal communication of May, 1939. 
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Overlying these beds, and forming the top of the formation, are 
several hundred feet of siliceous shales, containing lenses and beds of 
black limestone like that below, and some beds of slabby sandstone 
like that in the Brushy Canyon formation of the Delaware Mountain 
group above. This member is tentatively correlated with the Cutoff 
shaly member, described in a later paragraph whose type locality is in 
the Guadalupe Mountains on the north. In the Delaware Basin area, 
the Bone Spring limestone seems to pass conformably into the Brushy 
Canyon formation, with the Cutoff shaly member forming a transition 
zone between them. 

Relations.—At its type locality, the Cutoff shaly member lies on 
the gray limestones of the Victorio Peak gray member (Fig. 2 A). In 
the Delaware Basin area, beds correlated with the Cutoff member lie 
instead on black limestone. Several lines of evidence suggest that the 
uppermost black limestones of the basin area are Victorio Peak in age. 
Thus, parts of the gray limestone have been observed to grade into 
black limestone toward the basin. Moreover, the characteristic fusu- 
linids and brachiopods of the Victorio Peak gray member have been 
found at a few places in the uppermost black limestones, and the 
characteristic ammonoids of the uppermost black limestones have 
been found in a few places in the Victorio Peak member. 


BONE SPRING LIMESTONE OF MARGINAL AREA 


General features—The part of the Bone Spring limestone laid 
down in the marginal area is exposed in the Sierra Diablo and southern 
Guadalupe Mountains. Along the face of the Sierra Diablo escarp- 
ment, the formation is about 2,500 feet thick (section C, Fig. 5), and 
a similar thickness is penetrated by the N. B. Updike’s Williams well 
No. 1 in the Guadalupe Mountains (section F, Fig. 5). Its thickness 
combined with that of the Hueco limestone is here about 3,000 feet, 
or 1,500 feet thinner than in the Anderson-Prichard well, in the Dela- 
ware Basin area. 

Lower member.*°—In the Sierra Diablo, the lower half of the forma- 
tion crops out in smooth slopes that rise from the bench of Hueco 
limestone at the foot of the escarpment. The slopes are carved from 
black, bituminous, in part cherty limestones, in beds several inches 
thick, with some interbedded siliceous shales and sandy marls. Some 
of the black limestones are thinly laminated by light and dark bands 


50 This member corresponds with zones B and C of the Bone Spring limestone that 
were used in 1934: P. B. King, ‘‘Permian Stratigraphy of Trans-Pecos Texas,” Bull. 
Geol. Soc. America, Vol. 45 (1934), Fig. 5 B, p. 731, and Pl. 104. Zone A of the same 
paper is a composite of the Hueco limestone and some of the basal beds of the Bone 
Spring limestone. 
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resembling varves. Here and there, especially toward the base, the 
slopes are broken by ledge-making beds of gray, crystalline, fossilif- 
erous limestone. Black limestone beds like those in the Sierra Diablo 
are exposed in the southern Guadalupe Mountains, as in the narrows 
of Bone Canyon below Bone Spring. 

Victorio Peak gray member.—Lying above the slopes of the lower 
member in the Sierra Diablo, and forming the rim of the escarpment 
in the north half of the range, are steep, light gray cliffs of the Victorio 
Peak gray member, named for a prominent, detached point on the 
escarpment (Fig. 4).*! This member consists of gray, calcitic limestone 
in thick, fairly even beds, with a thickness of 500 to more than 1,000 
feet. The Victorio Peak member as exposed at the north end of the 
Sierra Diablo (section D, Fig. 5) is identical, even in its subdivisions, 
with gray limestones forming the upper half of the formation in the 
Guadalupe Mountains north of Bone Spring (section E, Fig. 5), so that 
the same name can now be applied in both areas.® In both areas, the 
member contains such characteristic fossils as Productus invesi New- 
berry and Schwagerina setum Dunbar and Skinner. 

In the Sierra Diablo and Guadalupe Mountains, the gray lime- 
stones of the Victorio Peak member are conformable on the black 
limestones beneath, although ia the Guadalupe Mountains several 
beds of fine-grained sandstone generally lie near the contact. In places 
the gray limestone also grades laterally into black limestone. Such a 
change takes place in the lower half of the member two miles north of 
Victorio Peak, and in the first ravine north of Bone Canyon. At all 
such places, the change from gray to black limestone is toward the 
Delaware Basin area. This relation, and paleontological evidence to be 
discussed later, disprove the suggestion of Lloyd® that the Victorio 
Peak member is a facies of the lower part of the Delaware Mountain 
group. 

Cutoff shaly member.—At the north end of the Sierra Diablo, east 
of Sierra Prieta (Fig. 4), the Victorio Peak gray member is separated 
from the overlying sandstone tongue of the Cherry Canyon formation 
(Delaware Mountain group) by several hundred feet of buff, dove- 


51 P, B. King and R. E. King, “Stratigraphy of Outcropping Carboniferous and 
Permian Rocks of Trans-Pecos Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), 
Pp. 922. 

52 The gray limestone in the Guadalupe Mountains was first described by C. L. 
Baker, ‘“‘Contributions to the Stratigraphy of Eastern New Mexico,’’ Amer. Jour. Sci., 
4th Ser., Vol. 49 (1920), p. 113, and in later reports has generally been called the “gray 
limestone member”’ or “‘gray hackly member.” 

53 E. R. Lloyd, “Capitan Limestone and Associated Formations,’”’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 13 (1929), p. 650. 
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gray, or black, thin-bedded limestones and siliceous shales (section D, 
Fig. 5). The limestones weather characteristically into angular, hackly 
fragments. These beds are termed the Cutoff shaly member of the 
Bone Spring limestone. The member has been removed by erosion 
farther south in the Sierra Diablo, but is well developed in the Guada- 
lupe Mountains north of Bone Spring. A characteristic exposure is 
found near the Texas-New Mexico line on the west face of Cutoff 
Mountain, from which it is named (section E, Fig. 5). The Cutoff 
member is assigned to the Bone Spring limestone because, 2 miles 
north of Bone Spring, the beds are truncated and overlain unconform- 
ably by the Delaware Mountain group. 


BONE SPRING LIMESTONE AND OTHER FORMATIONS OF SHELF AREA 


General features.—The rocks of the Leonard series that were de- 
posited in the shelf area, beyond the edges of the Delaware basin, are 
best exposed in canyons cut westward behind the face of the Sierra 
Diablo Escarpment. Here, nearly the whole of the series is visible. In 
the southern Guadalupe Mountains, rocks of shelf facies are exposed 
on the western side north of Bone Spring. Farther north, in New 
Mexico, they come to the surface as inliers in the interior of the range. 
In the last two areas, only the upper part of the Leonard series is 
visible. As in the basin and marginal areas, most of the Leonard series 
in the shelf area discussed in this chapter is included in the Bone 
Spring limestone. 

Sierra Diablo.—Where traced from the face of the Sierra Diablo 
scarp southwestward up Apache and Victorio canyons, the black lime- 
stones comprising the lower half of the formation on the face of the 
escarpment interfinger with thick beds of dolomitic limestone (Figs. 12 
C and 13 B). Individual layers are massive and lenticular, and slope 
toward the black limestone with low original dips. Within the dolo- 
mitic limestones, few fossils other than crinoid stems can be recog- 
nized, but in the marginal tongues, where alteration is less severe, 
heads of massive bryozoans are abundant, as are mollusks and bra- 
chiopods, many of which are thick-shelled. The dolomitic limestones 
are probably reef deposits. 

In Apache Canyon, the dolomitic limestones lie on a sloping, 
eroded surface of the underlying Hueco limestone that rises south- 


54 These beds, rather than the Delaware Mountain group, contain the gypsum 
layers that have been termed the {Dos Alamos gypsum: P. B. King and R. E. King, 
op. cit. (1929), p. 922. The origin of the gypsum is not clear, but recent studies indicate 
that it is probably secondary, as was suggested by C. L. Mohr, “Secondary Gypsum in 
Delaware Mountain Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), pp. 
1395-96). The name is therefore abandoned in this paper. 

A dagger ({) preceding a geologic name indicates that the name has been abandoned 
or rejected for use in classification in publications of the U. S. Geological Survey. 
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westward up the canyon. Toward the head of the canyon, 6 miles 
from its mouth, all the lower half of the Bone Spring has overlapped 
the rising surface of the lower formation and disappeared. Here, the 
Victorio Peak gray member rests with thin, discontinuous basal con- 
glomerate directly on the Hueco.® 

The Victorio Peak gray member in this district lies farther back 
from the Delaware basin than any exposures that have so far been 
described. Here, its more typical thick-bedded, calcitic limestones 
have changed into thinner-bedded, dolomitic limestones, some of 
which have a dense, porcelain-like texture, suggesting that they may 
be original chemical precipitates. 

Diablo Plateau.—Thin-bedded, dolomitic limestones, similar to 
those last described, and probably also of Victorio Peak age, may form 
the surface of extensive areas in the Diablo Plateau, between the 
Sierra Diablo and the Hueco Mountains. Where the Paleozoic rocks 
of the plateau have been uplifted by Tertiary intrusives, as at Sierra 
Prieta and Sierra Tinaja Pinta (B-III, Pl. 1), such beds of Victorio 
Peak age seem to lie directly, and probably unconformably on the 
Hueco limestone, in the same manner as they do at the head of Apache 
Canyon. 

Northern Guadalupe M ountains.—The northern Guadalupe Moun- 
tains in New Mexico are largely overspread by rocks of the Guadalupe 
series (C—II, Pl. 1), whose features are described later. Older rocks of 
the section are exposed only here and there, and their relations are 
poorly understood. Doubt exists about their relations with the Leon- 
ard series farther south. Even greater doubt exists about their rela- 
tions (and those of the overlying Guadalupe series as well) to the Man- 
zano group, which is characteristically developed northwest of the 
Guadalupe Mountains, in the Sacramento Mountains (B-II, Pl. 1). 
This problem will be discussed more fully in Chapter Five. In the pres- 
ent chapter, a few notes will be given on local exposures, based mainly 
on published descriptions.* 

55 These relations were first suspected after reports on fusulinids were received: 
C. O. Dunbar and J. W. Skinner, “Permian Fusulinidae of Texas,” Univ. Texas Bull. 
3701 (1937), locality 125 and footnote 17, p. 724. They were afterwards verified by 
field work. An earlier published section of Apache Canyon, P. B. King, “Permian 
Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. America, Vol. 45 (1934), Fig. 10 B, 


p. 754), is incorrect, and shows gradational relations, rather than the unconformity 
and overlap. 


56 C. L. Baker, op. cit. Deed. p. 116. 

N. H. Darton and J. B. Reeside, “Guadalupe Group,”’ Bull. Geol. Soc. America, 
Vol. 37 (1926), pp. 424-27 

W. G. Blanchard and M. J. Davis, op. cit. (1929), pp. 968-71. 

K. H. Crandall, “Permian Stratigraphy of Southeastern New Mexico and Adjacent 
Parts of Western Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), P- 935- 

W. B. Lang, ‘The Permian Formations of the Pecos Valley of New Mexico and 
Texas,” ibid., Vol. 21 (1937), pp. 854-55. 


| 
i 
i 
1 
3 
( 
i 
i 
4 


572 PHILIP B. KING 


The inliers of older rocks in the northern Guadalupe Mountains lie 
partly on the west side of its central ridge, on the escarpment that 
overlooks Dog Canyon and Crow Flat, and partly in valleys incised 
on the east slope of the ridge, such as Last Chance Canyon and the 
headwaters of Rocky Arroyo (near Three Forks) (Fig. 3). Rocks ex- 
posed at these places can not be traced into the outcrop of Bone 
Spring limestone that extends north from the type locality along the 
west side of the southern Guadalupe Mountains. Between these out- 
crops are the Brokeoff Mountains, composed of intricately faulted 
younger rocks. 

The inlier in Last Chance Canyon consists of dark, slabby lime- 
stones that apparently lie unconformably beneath sandstones and 
dolomitic limestones of the Guadalupe series. Similar rocks are ex- 
posed in the headwaters of Rocky Arroyo, where, however, no sand- 
stones are present in the overlying beds. Brachiopods and other fossils 
collected from Last Chance Canyon by Darton and Reeside indicate, 
according to Girty, an age earlier than at least the upper part of the 
Guadalupe series,*” and according to R. E. King,®* some of the species 
cited are suggestive of the Bone Spring limestone. Further evidence 
that the beds are of Bone Spring age is given by Skinner,*® who has 
recently examined collections made from them by Robert Roth. These 
include small fusulinids with poorly developed cuniculi which ‘‘appear 
to be more the type one would expect in the Bone Spring than the 
Delaware Mountain.” The writer has seen similar fusulinids in the ex- 
posures in Rocky Arroyo. 

On the escarpment on the west side of the central ridge, old rocks 
are exposed here and there, and rise to a considerable height toward 
the north. Their lower part is reported to consist of limestone, gypsum, 
and redbeds, and their upper part of limestone, the two units evidently 
corresponding with the Yeso and San Andres formations of the Man- 
zano group. The relation of these rocks to the inliers on the east side 
of the central ridge, and to the exposures in the southern Guadalupe 
Mountains is unknown, but they may be at least in part Bone Spring 
or Leonard in age. 


57 N. H. Darton and J. B. Reeside, op. cit. (1926), pp. 426-27. 


58 R. E. King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Description of Brachiopoda,”’ Univ. Texas 


Bull. 3042 (1931), p. 28. 
59 J. W. Skinner, letter of April, 1939. 
60 W. G. Blanchard and M. J. Davis, of. cit. (1929), p. 969. 
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FOSSILS 


General features —The Bone Spring limestone of the Leonard series 
in the Guadalupe Mountains region contains a large and varied fauna, 
on which much information is available. Some fossils, mostly from the 
black limestone facies, were described by Girty in his original work on 
the area.® Brachiopods, fusulinids, and ammonoids from the forma- 
tion have also been described by R. E. King, Dunbar and Skinner,® 
and Miller and Furnish. In addition, Girty has reviewed various 
recent collections, including those of Darton and Reeside,® and of the 
writer’s field parties. The information presented by these authors is 
abstracted in the pages that follow. 

The fossils of the Leonard series, along with those of the overlying 
Guadalupe series, were termed “the Guadalupian fauna” by Girty. 
The two assemblages admittedly have much in common, but they are 
sufficiently distinct so that this broader usage of Guadalupian may 
well be abandoned. 

The faunas of the Leonard and Guadalupe series are characteris- 
tically Permian, and of a facies similar to that which has developed 
under favorable conditions in some other parts of the world, especially 
in the Tethyan region of Europe and Asia. They include many Penn- 
sylvanian genera, and many new genera that have developed from 
those of the Pennsylvanian, but they have few species in common. 
Many of the genera and species have a more complex structure than 
those in the underlying beds. Thus, the fusulinids (for example Para- 
fusulina and Polydiexodina) are larger, and the ammonoids (for ex- 
ample, Perrinites, Waagenoceras, and Medlicottia) have more complex 
sutures. The brachiopods include genera with high cardinal areas, or 
with other unusual modifications (for example, Prorichthofenia and 
Leptodus). 

Compared with other, partly contemporaneous, Permian faunas, 
those of the Leonard series are differentiated by their diversity and 
novelty. Many of the other faunas contain more species allied to the 
beds below. Most of them also contain fewer groups of fossils, perhaps 
because the environment in which they developed was less favorable 
to life than the West Texas region. 

6 G. H. Girty, “The Guadalupian Fauna,” U. S. Geol. Survey Prof. Paper 58 (1908), 
pp. 22-23. 

®R. E. King, op. cit. (1931), pp. 14-15. 

83 C. O. Dunbar and J. W. Skinner, of. cit. (1937), pp. 589-92. 


_ & A. K. Miller and W. M. Furnish, “Permian Ammonoids of the Guadalupe Moun- 
tain Region and Adjacent Areas,” Geol. Soc. America Spec. Paper 26 (1940), pp. 9-10. 


65 N. H. Darton and J. B. Reeside, op. cit. (1926), pp. 421-23. 
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Facies.—Although the fauna of the Bone Spring limestone is large 
and varied, it is a composite of several facies, and not all the fossils 
occur in a single area. Fossils are most abundant and best preserved 
in the marginal area, where they occur in the gray Victorio Peak lime- 
stone and in gray, granular limestones interbedded in the black lime- 
stone. Taken together, these form a gray limestone facies, in which 
brachiopods (especially productids) and fusulinids are abundant. 
Many of the black limestones of the Delaware Basin area, equivalent 
to the Victorio Peak and older beds, are barren of fossils. Those which 
occur here and there are of a somewhat different facies than those in 
the gray limestone. Ammonoids are common in places, brachiopods 
are sporadically present, and fusulinids are nearly absent. 

Characteristic fossils —The fusulinids of the Bone Spring limestone 
belong to two genera: Schwagerina, which extends up from the Wolf- 
camp below, and Parafusulina, which is more abundant and more 
highly diversified in the Guadalupe above. So far as known, the fusu- 
linids fall into two zones.® The lower members of the Bone Spring are 
characterized by Parafusulina schucherti Dunbar and Skinner and 
P. diabloensis Dunbar and Skinner; the overlying Victorio Peak gray 
member is characterized by P. fountaini Dunbar and Skinner, and 
Schwagerina setum Dunbar and Skinner. The uppermost black lime- 
stones of the Delaware Basin area may belong to the upper zone, as a 
mile south of Bone Spring, they also contain Schwagerina setum.® 

Brachiopods are most abundant in the gray limestones, but occur 
here and there in the black limestones. The characteristic species are 
found in both facies. They include a number of productids not found 
at higher horizons, such as Productus ivesi Newberry and P. leonarden- 
sis King. With them are other brachiopods, some of which have a 
longer range. These include Productus occidentalis Newberry, P. 
guadalupensis Girty, Enteletes liumbonus King, Meckella attenuata 
Girty, Spirifer aff. S. triplicatus Hall, Leptodus, and Prorichthofenia. 
Pelecypods, gastropods, and trilobites occur sporadically in the black 
limestone, and in gray, granular beds associated with the black. They 
are nearly absent in the Victorio Peak member. 

Ammonoids are rare except in the upper part of the formation, 
where they are abundant in the black limestone facies of the Delaware 
Basin area. However, a few specimens of Propinacoceras knighti Miller 
and Furnish have been collected from the lower part of the formation 
in the Sierra Diablo. The ammonoids in the black limestones of the 


8° C. O. Dunbar and J. W. Skinner, op. cit. (1937), p. 580. 
87 C. O. Dunbar and J. W. Skinner, op. cit. (1937), locality 175, p. 728. 
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upper part of the formation were first described by Girty,®* and have 
recently been reviewed by Miller and Furnish.®® Three forms are most 
abundantly represented in the collections: Paraceltites elegans Girty, 
Texoceras texanum (Girty), and Peritrochia (=Marathonites) erebus 
Girty. Besides these, a few specimens of A gathiceras, and a variety of 
Perrinites hilli (Smith) are present. The last species is characteristic 
of the Leonard series elsewhere in the West Texas region. The black 
limestone in which the ammonoids occur is probably of Victorio Peak 
age, and the first two of the species cited have been found in the Vic- 
torio Peak member itself at one locality in the Sierra Diablo. 

A late Bone Spring faunule-——Near the top of the Bone Spring 
limestone, in Brushy Canyon, 6 miles south-southeast of Guadalupe 
Peak, in beds assigned to the Cutoff member, is a faunule of some in- 
terest, consisting almost entirely of brachiopods. Here, some species, 
for example, Productus ivesi Newberry and P. leonardensis King, are 
missing, but most of the other brachiopods previously noted persist. 
In addition, a few other species not found in the beds below make their 
appearance (including an Aulosteges). 


GUADALUPE SERIES 
INTRODUCTION 


Facies.—The Guadalupe series, which succeeds the Leonard series, 
is a somewhat thicker, and much more complex mass of deposits than 
the Leonard. In describing the Wolfcamp and Leonard series, their 
rocks have each been placed in a single formation, even though several 
facies are present. In the Guadalupe series, the contrasts between 
facies are greater, and the rocks deposited in various places at a single 
time include such contrasting types as sandstone, limestone, and evapo- 
rite. Here, several lithologic units of formation rank are necessary in 
order to express the different facies properly (Fig. 2 A). 

The rocks of the Guadalupe series laid down in the Delaware basin 
constitute the Delaware Mountain group, composed dominantly of 
sandstone, and having a thickness of about 3,000 feet. Away from the 
basin, the sandstones tend to disappear. Their lower part passes out 
by overlap, and the higher part is replaced by thick reef masses, the 


68 G. H. Girty, of. cit. (1908), pp. 498-502. 


69 A. K. Miller and W. M. Furnish, of. cit. (1940), pp. 9-10. They have also been 
discussed by F. B. Plummer and Gayle Scott, “Upper Paleozoic Ammonites in Texas,” 
Univ. Texas Bull. 3701 (1937), p. 27, but these authors erroneously state that two spe- 
cies of the fauna occur much higher in the section, in the “upper dark limestone” 
(Pinery limestone member of Bell Canyon formation, in upper part of Delaware Moun- 
tain group). 
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Goat Seep and Capitan limestones. Farther back in the shelf area, the 
reef masses grade in turn into a complex of limestone, sandstone, and 
evaporite that forms the Carlsbad and Chalk Bluff formations. The 
different rock facies, and also the faunas, were influenced by strong 
contrasts in environments of deposition. Different groups of fossils 
do not therefore have the same abundance from place to place. 

Sub-epochs.—The rocks and faunas of the Guadalupe series not 
only contrast strongly from one area to another, but Guadalupe time 
was sufficiently long for the earlier rocks and faunas to differ consider- 
ably from the later. In the Guadalupe Mountains region, the Guada- 
lupe epoch can thus be divided into three sub-epochs, although one 
is not separated sharply from the others. 

During the first sub-epoch sediments were laid down only in the 
Delaware basin. These constitute the lower formation of the Dela- 
ware Mountain group, composed of relatively coarse clastics. During 
the second sub-epoch, the fine clastic beds of the middle formation of 
the Delaware Mountain group were laid down in the basin. Along the 
margin, limestone reefs of the Goat Seep limestone began to grow and 
sediments were spread far beyond the basin into the shelf area. Life 
during these two sub-epochs was similar, and their faunas are notably 
more advanced than those of the Leonard series. 

The third sub-epoch had features similar to the second. During it, 
as during the preceding sub-epochs, fine clastics of the upper formation 
of the Delaware Mountain group were laid down in the Delaware 
basin. Along the margin, limestone reefs of the Capitain limestone 
were deposited. The shelves were, however, cut off from free access to 
the sea, so that evaporite deposits were laid down extensively in the 
back-reef area. The fauna of this time includes brachiopods, ammo- 
noids, and fusulinids that are notably more advanced than those of the 
two preceding sub-epochs. 


DELAWARE MOUNTAIN GROUP OF DELAWARE BASIN 


Definition—The Delaware Mountain formation, as proposed by 
Richardson,’® was later restricted’! to beds above the Bone Spring 
limestone. It is now applied to the sandstones and thin limestones of 
the Guadalupe series in the Delaware Basin area. These have a general 
lithologic unity, and have much the same aspect from base to top. 
However, as already indicated, the lithologic character and faunal con- 
tent of the sequence changes somewhat from base to top, so that the 


70 G. B. Richardson, ‘Report of a Reconnaissance in Trans-Pecos Texas North of 
the Texas and Pacific Railway,” Univ. Texas Bull. 23 (1904), pp. 38-41. 


7 As in P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. 
America, Vol. 45 (1934), p. 765. 
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unit can be divided into three parts, as was first recognized by Beede.” 
These are here classed as formations, and the Delaware Mountain 
given the rank of a group. 

In most of the Delaware basin, the Delaware Mountain group has 
the same upper and lower limits as the Guadalupe series, but it does 
not have the same lateral extent. Along the margins of the basin, the 
Delaware Mountain group ends where its characteristic deposits are 
replaced by units of the same age but different facies. The Guadalupe 
series, on the other hand, includes all rocks of Delaware Mountain 
age, wherever they occur, and regardless of their lithologic character 
and faunal content. The group is a lithologic unit, the series a chrono- 
logic unit. 

The three formations of the Delaware Mountain group are named, 
in ascending order, the Brushy Canyon, the Cherry Canyon, and the 
Bell Canyon. The names are taken from drainage courses which cross 
the broad belts of outcrop in the northern Delaware Mountains. 
Members of the three formations are named for minor geographic fea- 
tures, such as hills, springs, or houses. 

Thickness.—As measured on the outcrop in the northern Delaware 
Mountains, the Delaware Mountain group is about 2,700 feet thick. 
The two lower formations (Brushy Canyon and Cherry Canyon) have 
a thickness of 1,000 feet each, and the upper formation (Bell Canyon) 
a thickness of 700 feet (section O, Fig. 7). 

In several wells drilled down the dip east of the Delaware Moun- 
tains the group is thicker. The Pure Oil Company’s Quaid well No. 1, 
18 miles east of Guadalupe Peak (Fig. 3), and the Niehaus ef al. 
Caldwell well No. 1, 35 miles east-southeast of the peak (Fig. 3), each 
showed a thickness of about 3,470 feet (section P, Fig. 7). In the 
Niehaus well, where the three formations can be separated by their 
characteristic fusulinids and lithologic features, the Brushy Canyon 
is 1,152 feet thick, the Cherry Canyon 1,283 feet, and the Bell Canyon 
1,038 feet. All the formations are thus thicker than on the outcrop, 
with the greatest increase in the upper two. 

Brushy Canyon formation—The Brushy Canyon formation is 
named for Brushy Canyon, 6 miles south-southeast of Guadalupe 
Peak (Fig. 3). The canyon drains westward down the Delaware Moun- 


72 J. W. Beede, ‘“‘Report on the Oil and Gas Possibilities of University Block 46 in 
Culberson County,” Univ. Texas Bull. 2346 (1924), pp. 13-14. 

73 Information on the Pure well is given by L. D. Cartwright, “Transverse Section 
of Permian Basin, West Texas and Southeast New Mexico,”’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 14 (1930), Pl. 2, p. 969, and in several other publications. The top of the well 
is below the top of the group, and the estimate of the total thickness is that given by 
Cartwright. Information on the Niehaus well was obtained from J. W. Skinner and R. E. 
King in 1939. 
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tains escarpment, and crosses the whole thickness of the formation. 
The formation is also well exposed along U. S. Highway 62 in Guada- 
lupe Canyon, and on the slopes below and west of Guadalupe Peak, 
where its thickness has been determined as 1,000 feet (section O, Fig. 
7). At these places and farther south in the Delaware Mountains, the 
formation constitutes the greater part of the west-facing escarpment. 

The formation is characterized by many sandstone beds that are 
coarser-grained than those elsewhere in the group. These project in 
prominent ledges, and weather out in large boulders. Individual beds 
are lenticular, and pinch out within short distances. Many rest on 
channeled surfaces. Some sections include as many as a dozen beds of 
coarser-grained sandstone of various thicknesses, but others contain 
only a few. On the slopes above Bone Spring, coarser-grained sand- 
stones are missing entirely. 

The coarser-grained sandstones extend to the top of the formation, 
where they end abruptly in a prominent ledge which forms a broad 
shelf south of Guadalupe Peak, about halfway up the slope from the 
Bone Spring limestone bench to the foot of the Capitan limestone 
cliff. In the Delaware Mountains, the ledge lies not far below the rim 
of the west-facing escarpment. No similar sandstones are found higher 
in the Delaware Mountain group, but the contact of the ledge with 
the Cherry Canyon formation is apparently conformable. 

In the coarser-grained sandstones, the grains reach a maximum 
diameter of about half a millimeter.“* They may therefore be termed 
“coarse-grained” only by contrast with the much finer-grained sand- 
stones with which they are interbedded. The grains are composed 
largely of quartz and feldspar. Many of the bedding surfaces are ripple 
marked. Numerous observations show that the average trend of the 
ripples is northeastward, or approximately parallel with the edge of 
the Delaware basin to the northwest. 

Some of the coarser-grained sandstones contain great numbers of 
fusulinids. Their calcareous tests still remain, and in places are so 
numerous that the rock becomes a limestone built of fusulinid tests, 
with a sparse sandstone matrix. Here and there, such limestone beds 
contain water-worn fragments of other fossil shells. In many beds, the 
fusulinid tests lie parallel in some one direction. This direction varies 
slightly, but numerous measurements show that the average trend is 
northwestward, or approximately at right angles to the trend of the 
ripple marks in adjacent beds. A northwestward trend of the fusulinid 
tests was also observed in the younger formations of the group. 


74 Information on the sandstones of the Guadalupe Mountains section given in this 
paper is based on microscopic study of the writer’s collections by Ward Smith in 1936. 
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The sandstones between the coarser-grained beds resemble those 
higher in the overlying Cherry Canyon and Bell Canyon formations. 
In the Brushy Canyon and overlying formations the average diameter 
of the grains is 0.1 or o.2 millimeter. As in the coarser sands the par- 
ticles are mainly quartz and feldspar, but there are also notable quan- 
tities of accessory minerals, for example, zircon, tourmaline, apatite, 
and staurolite. Most of the beds are thin and slabby, and are marked 
by faint, closely spaced laminae resembling varves. Some beds are 
platy, bituminous, and shaly, but none are true shales. At two places 
in Guadalupe Canyon, 3 miles south-southeast of Guadalupe Peak 
and about 250 feet below the top of the formation, are interbedded 
layers of green chert a few inches thick, that are probably altered vol- 
canic ash.” 

Cherry Canyon formation—The Cherry Canyon formation, or 
middle part of the Delaware Mountain group, is named for Cherry 
Canyon, a shallow gorge that drains eastward from Pine Spring, south 
of the new route of U. S. Highway 62, toa point 3 miles east of the D 
Ranch Headquarters, where the gorge joins Lamar Canyon (Fig. 3). 
In its course, Cherry Canyon crosses nearly the whole of the formation 
from the Getaway limestone member on the west to the top at its 
eastern terminus. Good exposures of the formation may be seen along 
the new route of U. S. Highway 62, between Guadalupe Pass on the 
rim of the Delaware Mountains, 2} miles south of Pine Spring, and 
the ridge east of the Hegler Ranch, 5 miles east-northeast of the spring. 

The Cherry Canyon formation crops out in a wide belt along the 
crest of the Delaware Mountains, and also forms the upper half of the 
slope below the Capitan limestone cliffs near Guadalupe Peak, at the 
south end of the Guadalupe Mountains. Its thickness, as measured in 
both areas, is about 1,000 feet (sections L and O, Fig. 7). Like the 
Brushy Canyon formation, it consists largely of sandstone, but no 
coarser-grained beds are present, and it has several prominent lime- 
stone members. 

The sandstones of the Cherry Canyon formation resemble the 
finer-grained beds of the underlying Brushy Canyon formation in 
texture, composition, and structure. Most of them are thin-bedded 
and finely laminated, and have straight, smooth bedding planes. In 
the lower half, however, ripple marking and channeling of the sand- 
stones is a rather common feature. As in the Brushy Canyon, the 


_ ® Asshown in Figure 7, bentonite has also been noted near the base of the forma- 
tion in cuttings from the Getty Oil Company’s Dooley well No. 7 (section M) and the 
Niehaus e¢ al. Caldwell well No. 1 (section P). Bentonite was not seen in this position 
on the outcrop. 
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ripples trend northeastward. Associated with the limestone beds are 
dark, platy, and shaly sandstones. 

Limestones are rather commonly interbedded with the sandstones, 
either in nodules and thin, lenticular layers, or in members that 
locally have considerable prominence. Three of the most persistent 
members are given separate names and described in the following 
paragraphs. The lower two are decidedly lenticular. In places, as on 
the slopes south of Guadalupe Peak, they nearly disappear in the 
sandstone. 

The lowest-named member is here called the Getaway limestone 
member for Getaway Gap, 6 miles southeast of Guadalupe Peak (Fig. 
3), where it is well exposed. It forms the rim of the Delaware Moun- 
tains for many miles south of the Guadalupe Mountains, and may be 
studied to advantage not only at the type locality, but also at the air- 
way radio station on the rim, and in the hills west of Pine Spring 
Camp. It consists of black or dark gray limestone, with some lighter 
gray, granular, very fossiliferous limestone and some sandstone part- 
ings. Locally, it reaches a thickness of 200 feet, but elsewhere it nearly 
disappears. 

The Getaway member lies 100-200 feet above the base of the 
Cherry Canyon formation. The interval between it and the base gen- 
erally consists of fine-grained sandstone, but in places some lenticular 
beds of very granular limestone are present. These limestone beds con- 
tain many fossils, and they may be referred to as the “‘pre-Getaway 
fossil zone.” 

Higher in the section, about 600 feet above the base of the forma- 
tion, is the South Wells limestone member. This is named for the 
South Wells of the D Ranch, 11 miles southeast of Guadalupe Peak 
(Fig. 3), where it is exposed on both sides of the valley. It is also well 
exposed at the west base of Long Point, not far north of the South 
Wells. The member crops out here and there along the foot of the Reef 
Escarpment on the southeast side of the Guadalupe Mountains, as on 
the new route of U. S. Highway 62, 3} miles east-northeast of Pine 
Spring Camp. 

At the type locality, the member consists of several thin, black or 
gray, fossiliferous limestone beds in an interval of 75 feet. Farther 
northwest, near the base of the Reef Escarpment, these change into 
buff or drab, sandy, dolomitic limestones, in which fossils are poorly 
preserved. In places, the South Wells member, like the Getaway 
member, disappears laterally into the sandstones. 

One hundred feet or more above the South Wells member, and a 
few feet below the top of the formation, is the Manzanita limestone 
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member. This is named for Manzanita Spring, near Frijole Post Office, 
and the type section is on Nipple Hill east of the spring. It is widely 
exposed in the southern Guadalupe Mountains, where it forms the 
first prominent bed below the dark limestone ledges of the Hegler and 
Pinery members of the Bell Canyon formation. It also extends into 
the Delaware Mountains, where it crops out at the D Ranch Head- 
quarters and on top of Long Point. 

The member is 25—100 feet thick, and consists of buff, earthy lime- 
stone in rather thick beds, with many geode cavities. The beds weather 
to a characteristic orange-brown color. Fossils are present, but are 
poorly preserved. The most notable feature of the member is that 
several beds of volcanic ash are intercalated in nearly all exposures.” 
Each bed averages about a foot in thickness. At many places, the ash 
is altered to green chert, resembling turquoise. Unlike the lower two 
members, the Manzanita member does not lens out along the strike. 
Southward, however, near Long Point, it changes into lumpy, slabby, 
dark gray limestone, which still contains beds of volcanic ash. 

The volcanic ash beds of the member are a prominent subsurface 
marker, which is recognizable in many wells drilled east of the out- 
crop, such as the Getty Oil Company’s Dooley No. 7 (section M, Fig. 
7) and the Niehaus e¢ al. Caldwell No. 1 (section P, Fig. 7). The vol- 
canic ash beds can be distinguished from others in the Delaware Moun- 
tain group by their generally greater thickness, and by the fact that 
the beds next above them contain the lowest specimens of Polydiexo- 
dina. 

Bell Canyon formation.—The Bell Canyon formation, or upper part 
of the Delaware Mountain group, is named for Bell Canyon, a gorge 
that drains eastward from Rader Ridge to the old route of U. S. High- 
way 62, where it joins Lamar Canyon (Fig. 3). The canyon does not 
extend entirely across the outcrop of the formation, but a complete 
section may be seen to the north and south, as along the new route 
of U. S. Highway 62. A little east of the highway, the thickness of the 
formation has been determined as 700 feet (section O, Fig. 7). Farther 
south, it crops out in a broad belt between the crest of the Delaware 
Mountains and the Gypsum Plain on the east. Its lower part also ex- 
tends for some miles into the Guadalupe Mountains, or into the reef 
zone at the margin of the Delaware basin, where its dark limestones 
form ledges below the Capitan limestone cliffs. 

The sandstones of the Bell Canyon formation, like those in the 


% Information on the volcanic ash beds of the Guadalupe Mountains section is 
based on microscopic study of the writer’s collections by C. S. Ross in 1936. All rocks 
stated to be volcanic ash, except those in the Brushy Canyon formation, have been 
determined to be such by Ross. 
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preceding formations of the Delaware Mountain group, are extremely 
fine-grained. Many are thin-bedded, but some are massive; none are 
dark and shaly. No channeling has been observed, but shallow ripple 
marks occur here and there, as high as, or a little higher than, the 
Rader limestone member. As in the formations beneath, these com- 
monly trend northeastward. The rarity of ripple marking and channel- 
ing in the formation suggests that its rocks were deposited in quieter 
water than the underlying beds. 

Fewer limestones are interbedded with the sandstones in the Bell 
Canyon formation than in the Cherry Canyon, but those that are 
present are more persistent. Four limestone beds have been set off 
as named members. The two lowest, the Hegler and Pinery limestone 
members, are the same as the beds in the southern Guadalupe Moun- 
tains that were referred to as the “upper dark limestone”’ in older 
reports.”” The base of the first is used as the lower boundary of the 
formation, because it is the oldest bed to grade northwestward into 
the Capitan limestone. 

This bed, the Hegler limestone member, is named for the Hegler 
Ranch, 6 miles east-northeast of Guadalupe Peak, near the foot of the 
Reef Escarpment (Fig. 3). Characteristic exposures are found near the 
ranch at the east end of Rader Ridge, and also on the slope above Pine 
Spring farther west. At these places, it is a dark gray, lumpy, slabby 
limestone about 15 feet thick, which generally forms a double ledge 
on the hillsides. Farther southeast, in the Delaware Mountains, 
straight-bedded, platy limestones occupy the same position. At one 
locality in this region is a thin seam of white clay, an altered volcanic 
ash. 

The Pinery limestone member is named for “The Pinery,” the 
old stage stand on the Butterfield trail at Pine Spring, 2} miles east 
of Guadalupe Peak (Fig. 3). Its type section is on the slope above the 
spring, where it was first studied by G. G. Shumard”* and Girty,”® and 
yielded the fossils of their ‘“‘upper dark limestone” fauna. At this place 
and elsewhere along the foot of the Reef Escarpment, the member lies 
about 30 feet above the base of the formation, and is 150 feet thick 
(section N, Fig. 7). It consists of dark gray, fine-grained, somewhat 
cherty limestone in thin, straight beds, with several thicker, lighter- 
colored, more granular layers toward the base. Although fossils occur 


77 G. G. Shumard, ‘Observations on the Geological Formations of the Country 
between the Rio Pecos and the Rio Grande, in New Mexico,” Trans. St. Louis Acad. 
Sci., Vol. 1 (1858 [1860]), p. 280. 

G. H. Girty, “The Guadalupian Fauna,” U. S. Geol. Survey Prof. Paper 58 (1908), 
pp. 17-19. 

73 G. G. Shumard, op. cit. p. 280. 


79 G. H. Girty, op. cit., pp. 17-109. 
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in most of the beds, they are most abundant in the lighter-colored 
limestones, where they are silicified on the surface. 

Southeastward in the Delaware Mountains, away from the Reef 
Escarpment, and farther out in the Delaware basin, the member thins 
to about 25 feet. Here, the dark, thin, straight-bedded limestones per- 
sist, but the lighter gray beds are absent, and much sandstone is 
interbedded. 

The Rader limestone member is named for Rader Ridge, which 
projects from the foot of the Reef Escarpment near the Hegler Ranch 
(Fig. 3). The member forms the cap of the ridge, above the ledges of 
the Pinery and Hegler members. At the type locality and elsewhere 
along the foot of the Reef Escarpment, it is about roo feet thick, and 
lies 225 feet above the base of the formation (section N, Fig. 7). It 
consists of massive, light gray limestone, very similar to the Capitan 
limestone, and a few layers of thinner, darker limestone. 

Where traced southeastward into the Delaware Mountains, away 
from the Reef Escarpment, the member thins to about 15 feet, mas- 
sive beds disappear, and the thinner, darker beds predominate. In this 
area, at many places, is an interbedded layer of green chert, an al- 
tered volcanic ash like the beds in the Manzanita member (section O, 
Fig. 7). 

The several hundred feet of beds which separate the Rader from 
the overlying Lamar member are largely sandstones, which have 
been worn down in places to a valley, and in others project as pictur- 
esque buttes. About half way between the Rader and Lamar members 
in the Delaware Mountains, is a layer of very thin-bedded limestone 
about 1o feet thick that has been quarried for flagstone in many 
places (section O, Fig. 7). 

Near the top of the Bell Canyon formation, and the top of the Del- 
aware Mountain group, another limestone is known as the Lamar lime- 
stone member.®® Its type locality is near Lamar Canyon in the 
Delaware Mountains, 15 miles east of Guadalupe Peak (Fig. 3). The 
member is exposed at various places along the base of the Reef Es- 
carpment, but may be studied to best advantage at the mouth of 
McKittrick Canyon, 8} miles northeast of Guadalupe Peak. Here, it 
is about 150 feet thick, and consists of well bedded, gray, granular, 

80 Named by Lang, “The Permian Formations of the Pecos Valley of New Mexico 


and Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), p. 875. In some previous 
reports it has been confused with the “upper dark limestone”’ (Hegler and Pinery mem- 


bers) which is much older, and the name {Frijole has been used for it: N. H. Darton 
and J. B. Reeside, “Guadalupe Group,” Bull. Geol. Soc. America, Vol. 37 (1926), p. 
424; W. G. Blanchard and M. J. Davis, ‘Permian Stratigraphy and Structure of Parts 
of Southeastern New Mexico and Southwestern Texas,”’ Bull. Amer. Assoc. Petrol. Geol., 
Vol. 13 (1929), p. 974. Outcrops of bedded limestone near Frijole Post Office belong to 
the two older members. 
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fossiliferous limestone, not unlike those of the Pinery member near 
its type locality (section N, Fig. 7). 

Farther southeast, like the Pinery and Rader members, the Lamar 
thins out and becomes darker-colored. Several miles away from the 
foot of the mountains all trace of fossils disappears. At the type local- 
ity, well out in the Delaware Mountains, it is only 15 feet thick. In 
this region, it crops out prominently in a low, west-facing cuesta. 

Above the Lamar member in the northern Delaware Mountains is 
about 20 feet of fine-grained, slabby sandstone, which separates the 
member from the overlying Castile formation of the Ochoa series. The 
sandstone is well exposed a few hundred yards southeast of U. S. 
Highway 62 at the point where it leaves the eastern hills of the Dela- 
ware Mountains. In Big Canyon, 3 miles north and about a mile from 
the base of the Reef Escarpment, it is 40 feet thick and contains much 
interbedded slabby limestone. In the exposures of the uppermost 
“Bell Canyon” and lowest Castile beds in the downfaulted terrane 
west of the Delaware Mountains, the sandstones are absent, and 
the Castile lies directly on the Lamar. Similar relations are reported in 
wells drilled east of the outcrops. 

In the Delaware Mountains, the highest sandstone beds of the 
Bell Canyon formation seem to be overlain conformably by the basal 
laminated anhydrites and limestones of the Castile formation. No 
evidence of erosion can be found, although the change from one rock 
type to the other is abrupt. 


FORMATIONS OF REEF ZONE (oR MARGINAL AREA) 


Introduction.—In the Delaware basin, the sequence of beds in the 
Guadalupe series is relatively simple and straightforward. It is, there- 
fore, the more surprising, where beds of the series are traced to the 
margins of the Delaware basin, to find that all of them change with 
great abruptness (Fig. 2 A). 

Brushy Canyon formation.—In the Delaware basin, the Brushy 
Canyon formation seems to lie conformably on the Bone Spring 
limestone, with the Cutoff shaly member of the Bone Spring forming 
a sort of transition zone between them (p. 568). However, when the 
contact between the two is traced northward along the west side of 
the Guadalupe Mountains, into the marginal area, very different rela- 
tions are found. 

Here, the top of the Bone Spring limestone rises, until north of 
Bone Spring it is nearly 2,000 feet above its position at the south, 
yet not all this rise is shared by the beds above (Fig. 14 B). At the 
spring, a cobble and boulder conglomerate composed of fragments of 
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black limestone and gray limestone of the Victorio Peak member lies 
on an eroded surface of the black Bone Spring limestone. The con- 
glomerate is interbedded with, and grades up into the sandstones of 
the Brushy Canyon formation (section L, Fig. 7). 

Associated with the conglomerates at Bone Spring is a bed a 
gray, dolomitic, sandy limestone, about 20 feet thick, which may be 
traced southward until it pinches out in the sandstones (section L, 
Fig. 7). Some geologists have interpreted this as a tongue of the Vic- 
torio Peak gray member of the Bone Spring limestone (which it some- 
what resembles), thus suggesting that the Victorio Peak interfingers 
with the Brushy Canyon formation.” This is not the true relation, 
however, for in the next ravine north of Bone Canyon the bed lies on 
an irregularly eroded surface of the Bone Spring limestone, and passes 
out by overlap a short distance north. 

North of Bone Canyon, conglomerate is rarely present at the base 
of the Brushy Canyon formation, and its fine to coarse-grained sand- 
stones rest directly on a smoothly sloping surface of the truncated 
limestones beneath (section K, Fig. 7). Each sandstone bed may be 
traced northward until it overlaps the surface and disappears. Ripple 
marks may be seen on the surface of nearly every bed. About 2 miles 
north of the spring, the uppermost ledge of coarse-grained sandstone 
extends against the eroded surface of the Cutoff shaly member of the 
Bone Spring limestone, where it overlaps and disappears like the lower 
sandstones at the south. Northward beyond this point, in the shelf 
area, the Brushy Canyon formation is not present (sections I and J, 
Fig. 7). 

A striking overlap of the lower 1,000 feet of beds of the Delaware 
Mountain group thus occurs along the margin of the Delaware basin 
in the space of only a few miles. Apparently its lower formation 
(Brushy Canyon) was deposited only in the Delaware basin, and not 
in the shelf area, where its middle formation (Cherry Canyon), lies 
with great hiatus on the Bone Spring limestone. The sloping surface 
of the Bone Spring limestone, against which the overlap takes place, 
is considered to be a fold here termed the “Bone Spring flexure’ 

8! These features were first described by C. L. Baker, “Contributions to the Stratig- 
raphy of Eastern New Mexico,” Amer. Jour. Sci., 4th Ser., Vol. 49 (1920), p. 114, an 


later in more detail by N. H. Darton and J. B. Reside, op. cit. (1926), pp. 421-23, 
and others. 


8 FE. R. Lloyd, “Capitan Limestone and Associated Formations,’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 13 (1929), p. 657. 


83 This was first recognized as a tectonic feature by W. G. Blanchard and M. J. 
Davis, of. cit. (1929), p. 964, who termed it the ‘Bone Springs arch.’’ However, as sug- 
gested by R. K. DeFord, Bull. Amer. Assoc. Petrol. Geo!., Vol. 13 (1929), discussion on 
p- 1031, its form is not archlike, and no north-dipping flank is present. 
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that was raised near the beginning of Guadalupe time. Although the 
overlap has been seen only on the outcrop in the Guadalupe Moun- 
tains, it evidently extends into near-by areas. Thus, in the outlier of 
the Delaware Mountain group at the north end of the Sierra Diablo, 
east of Sierra Prieta (Fig. 4), the sandstone tongue of the Cherry 
Canyon formation lies directly on the Bone Spring limestone, just as 
it does in the shelf area in the Guadalupe Mountains north of Bone 
Spring. 

Goat Seep limestone.—Along the west side of the Guadalupe Moun- 
tains north of Bone Spring, the Getaway and South Wells limestone 
members of the Cherry Canyon formation thicken northward, and the 
intervening sandstones disappear (Fig. 14 B). On the projecting point 
of the escarpment 13 miles north of the spring, up the slope from the 
top of the Bone Spring flexure, they coalesce into a solid mass, here 
termed the Goat Seep limestone. The name is taken from the spring 
near the southern edge of the mass, 1} miles north of Bone Spring (Fig. 

The beds of the Cherry Canyon formation below the Getaway 
member do not change into limestone toward the north, but remain 
as sandstone. Where the underlying Brushy Canyon formation has 
disappeared by overlap, they lie directly on the Bone Spring lime- 
stone. They constitute a sandstone tongue of the Cherry Canyon for- 
mation (section J, Fig. 7). 

The Manzanita limestone member and associated sandstones, 
which lie above the Getaway and South Wells members, pinch out 
northward, leaving only a sandy zone between the Goat Seep and the 
overlying Capitan limestone. On the cliffs this zone forms a parting 
which rises northward, and intersects the mountain summit on Bart- 
lett Peak, 2} miles north of Bone Spring (Fig. 14 B). Here, the entire 
upper cliff on the west-facing escarpment of the mcuntains is formed 
by the Goat Seep limestone, and the Capitan limestone which forms 
the cliff to the south is missing by erosion. 

The Goat Seep limestone thickens rapidly from its southernmost 
exposures where 700 feet of beds are present (section K, Fig. 7), to 
Bartlett Peak, a mile north, where it reaches 1,200 feet (section J, 


84 This unit was first recognized by C. L. Baker, op. cit. (1920), p. 114, and was later 
described by K. H. Crandall, ‘Permian Stratigraphy of Southeastern New Mexico and ; 
Adjacent Parts of Western Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), p. j 
933, who called it the “Chupadera limestone,’’ and by W. B. Lang, op. cit. (1937), p. 
858, who called it the {Dog Canyon limestone. The latter name is now abandoned be- i 
cause its type locality is in an area as yet so imperfectly known that the unit can not be 
defined as well as at Goat Seep, and because confusion has arisen between the Dog 
Canyon and the Dog Creek, which are both names for middle Permian stratigraphic 
units: R. K. De Ford and E. R. Lloyd, “Editorial Introduction” (to West Texas-New 
Mexico symposium), Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 10. 
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Fig. 7). On this peak, it consists of gray, dolomitic limestone, very 
much like the Capitan limestone in appearance. The limestone forms 
thick beds in the lower half of the formation, but the upper half is a 
single mass with few traces of bedding. Like the Capitan, the thick- 
bedded and massive limestones of the Goat Seep formation are prob- 
ably reef deposits. Little study has been made of them, however, on 
account of their almost inaccessible outcrops. 

Relation of Bell Canyon formation to Capitan limestone-——Where 
traced northwestward from the Delaware Mountains into the Guada- 
lupe Mountains, or from the Delaware basin toward its margins, all 
the sandstones and limestones of the Bell Canyon formation are re- 
placed by the light gray, thick-bedded or massive limestones of the 
Capitan formation. In the higher beds of the Bell Canyon, the change 
takes place along the edge of the Reef Escarpment. 

This change in the higher beds may be observed best where McKit- 
trick Canyon leaves the Reef Escarpment, but is also visible at many 
places farther southwest. Near McKittrick Canyon, the foot of the es- 
carpment is fringed by low benches of the Lamar limestone member of 
the Bell Canyon. The escarpment which rises behind the benches, is a 
ragged, sloping surface, carved from the Capitan limestone The rim of 
the escarpment, which is capped by thin, flat ledges of Carlsbad lime- 
stone, lies about a mile back from the benches below, and stands more 
than 1,750 feet higher (Fig. 15 B). 

A distant view gives the impression that the Lamar limestone on 
the benches passes beneath the Capitan limestone of the face of the es- 
carpment, but, when the rocks exposed in McKittrick Canyon are 
viewed in cross section from some vantage point along its walls the 
Lamar is found to increase in thickness as it approaches the escarp- 
ment and to rise northwestward extending above the greater mass of 
the Capitan limestone. Within a distance of a few hundred yards, the 
irregular, massive beds equivalent to the Lamar are indistinguishable 
from those of the rest of the Capitan. These rise at angles of 15°—30° up 
the face of the escarpment, which is nearly a dip slope, until they lie 
only a few hundred feet below the escarpment crest, and just beneath 
the ledges of Carlsbad limestone that form the rim. 

Beneath the Lamar, at the mouth of McKittrick Canyon, are sev- 
eral hundred feet of sandstones, the same as those that separate the 
Lamar and Rader limestone members of the Bell Canyon formation in 
the Delaware Mountains. A short distance up the canyon, the rocks 
beneath the Lamar equivalent are all thick-bedded Capitan limestone. 


85 First described by E. R. Lloyd, of. cit. (1929), p. 649, and later by K. H. Crandall, 
op. cit. (1929), p. 933, L. D. Cartwright, op. cit. (1930), pp. 977-79, and others. 
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Observations in the canyon and southwest along the escarpment in- 
dicate that they are equivalent to the sandstone. The transition takes 
place within a few hundred yards, and is accomplished partly by direct 
gradation from sandstone to limestone, and partly by pinching out of 
the sandstone beds between numerous tongues of limestone that ap- 
pear between them. 

The lower part of the Bell Canyon formation maintains its identity 
farther northwestward than the upper part just described. The Pinery 
and Hegler members thus extend northwest for some miles beneath the 
Capitan limestone. Their relations to the Capitan are best observed on 
the great cliffs below El Capitan and Guadalupe Peak, that surmount 
the west-facing escarpment of the Guadalupe Mountains (Fig. 14 B). 

Below El Capitan, at the south end of the cliffs, both the Hegler 
and Pinery limestone members are present, and have much the same 
character as at Pine Spring. Northward, however, the layers of the 
Pinery thicken and become as light-colored as the Capitan, and their 
bedding planes rise across the cliffs. Below Guadalupe Peak, a mile 
north, the layers of the Pinery are indistinguishable from those of the 
rest of the Capitan, and in fact constitute more than half of its exposed 
mass. In the same area, the Hegler below changes from dark gray, 
lumpy limestone into light gray, granular limestone similar to the 
Pinery member farther southeast. North of Guadalupe Peak, this 
granular limestone in turn thickens and becomes lighter-colored, and 
disappears into the Capitan a mile beyond. Here, the Capitan, whose 
basal part is of Hegler age, lies directly on the Goat Seep limestone. 

Capitan limestone—The Capitan limestone, which thus takes the 
place of the Bell Canyon, or upper formation of the Delaware Moun- 
tain group along the northwest edge of the Delaware basin, crops out 
for many miles along the face of the Reef Escarpment and in the can- 
yons of the Guadalupe Mountains behind the escarpment. It has also 
been penetrated in wells along the same trend northeast (section M, 
Fig. 7). Although of great linear extent northeastward, it maintains its 
typical character only a few miles northwest. Beyond, its place is taken 
by the thin-bedded limestones of the back-reef area that are termed 
the Carlsbad limestone. 

Individual beds of the Capitan range from 15 to 100 feet thick, 
with a few massive members up to 300 feet thick. At all places, they 
slope southeast at angles of 10°-30° (Figs. 14 B and 15 B). Toa large 
extent, this dip is not shared by the Delaware Mountain beds beneath, 
and is apparently original in the deposit. Each layer in the Capitan 
mass is continuous southeastward with beds in the Bell Canyon for- 
mation, and northwestward with beds in the Carlsbad limestone. That 
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part of each layer which has a Capitan facies is one or two miles wide. 
Such parts do not, however, lie directly over each other. Instead, they 
are arranged like shingles, the oldest resting directly on the face of the 
Goat Seep mass, and each younger one lying a little farther southeast- 
ward than the one below it (Fig. 2 A). The width of the whole Capitan 
mass is thus several times greater than any of its component parts. 

Because of this shingle-like arrangement of the layers, the Capitan 
limestone in one vertical section is not of the same age as that in an- 
other. Sections northwest are of Hegler and Pinery age, and are over- 
lain by a relatively great thickness of Carlsbad (back-reef) limestone. 
Sections southeast are Rader to Lamar in age, and are underlain by 
the lower part of the Bell Canyon (fore-reef) formation. The thickness 
of the formation depends on the number of beds of Capitan facies that 
happen to be superimposed on each other, and varies considerably 
from place to place. On Guadalupe Peak, the formation is 1,350 feet 
thick (section L, Fig. 7), in McKittrick Canyon 1,500 feet, and in the 
Getty Oil Company’s Dooley No. 7, northeastward along the same 
trend (in Getty oil field, east of Carlsbad, New Mexico, Fig. 3) about 
2,400 feet (section M, Fig. 7). 

The Capitan consists of light gray, cream-colored, or white, cal- 
citic or dolomitic limestone, the calcitic and dolomitic parts being ir- 
regularly interbedded, and with the second predominating. The lime- 
stone contains only negligible amounts of sand (no more than 0.3 per 
cent in any chemical analysis) and no sandstones are interbedded ex- 
cept at the edges of the limestone body. The large Capitan fauna is 
beautifully preserved in the calcitic limestones, which have yielded 
most of the collections from the formation. Study of the dolomitic 
limestone shows, however, that they contain the same fossils in badly 
preserved condition. 

At a few places in the southern Guadalupe Mountains the normal - 
Capitan limestone passes into a brecciated phase, composed of angular 
blocks of all sizes, in a sandy limestone matrix. Three localities where 
this has been observed are near the Grisham-Hunter Lodge in McKit- 
trick Canyon, at Devils Hall in Pine Spring Canyon, and on the cliffs 
north of Guadalupe Peak. The breccia generally lies at the base of the 
formation, on a deeply channeled surface of the underlying Hegler 
limestone member of the Bell Canyon (as shown near middle of Fig. 
14B). It somewhat resembles cemented talus deposits of Cenozoic age, 
but field observations prove definitely that it is a part of the forma- 
tion. 

The evidence so far presented seems amply to confirm the interpre- 
tation already made by many geologists that the Capitan limestone is 


q 
q 


592 PHILIP B. KING 


a reef deposit.* The massive character of the limestone, its steep orig- 
inal dips, its narrow transverse extent, and rapid transition into other 
deposits are all features that would be anticipated in deposits of reef 
type. Moreover, the make-up of its fauna indicates that it was built 
with the aid of such lime-secreting organisms as sponges, crinoids, and 
algae. The great linear, and narrow transverse extent of the deposit 
suggests that in some respects it resembled the barrier reefs growing 
to-day on the shores of the tropical seas. 

The significance of the term Reef Escarpment, to which frequent 
reference has been made, now becomes evident. Its face in the McKit- 
trick Canyon area is the dip slope of the highest reef beds to have been 
deposited, exhumed by the stripping from it of the poorly resistant an- 
hydrites of the succeeding Castile formation, and somewhat modified 
by subsequent erosion (Fig. 15 B, right-hand end). As such, in this 
region, it simulates the form of the Capitan reef toward the end of the 
time of its deposition. Farther southwest, toward Guadalupe Peak, the 
escarpment is formed not only by the stripping of the Castile forma- 
tion, but also by the removal of the hardly more resistant Delaware 
Mountain strata below. Here, subsequent erosion has scored deep 
gorges in the Capitan limestone itself, and the resemblance to the 
original form of the Capitan reef is lost. 


FORMATIONS OF BACK-REEF (SHELF) AREA 


Introduction.—Still further changes take place in the rocks of the 
Guadalupe series when they are traced from the reef zone into the 
back-reef area. The writer has studied only small areas of the back-reef 
deposits of Guadalupe age, such as those in the Guadalupe Mountains 
south of the Texas-New Mexico line. In the description that follows, 
most of the information is, therefore, compiled from publications of 
other geologists, of which the most recent is that of Lang.®” 

Sandstone tongue of Cherry Canyon formation.—As previously noted 
(p. 588), the sandstone tongue of the Cherry Canyon formation is 
equivalent to the basal part of the formation farther southeast, or to 
beds between the top of the Brushy Canyon formation and the base of 
the Getaway limestone member. Northwest of the reef zone in the 
Guadalupe Mountains, the tongue persists at least as far as the Texas- 
New Mexico line, where it is 200 or 300 feet thick (section I, Fig. 7). 

Here, no evidence of unconformity can be seen at the contact al- 

86 First suggested by Rudolf Ruedemann in P. B. King and R. E. King, “The 
Pennsylvanian and Permian Stratigraphy of the Glass Mountains,”’ Univ. Texas Bull. 


2801 (1926), p. 139. It was later worked out in more detail by E. R. Lloyd, op. cit. 
(1929), pp. 645-48, and is now generally accepted by geologists working in the region. 


87 W. B. Lang, of. cit. (1937), pp. 848-57. 
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though it rests with great hiatus on the Cutoff shaly member of the 
Bone Spring limestone. Farther away from the reef zone, in the Dog 
Canyon area of the northern Guadalupe Mountains® and in parts of 
the northern Sierra Diablo, the tongue disappears, either by overlap 
on the Cutoff member, by gradation into the Goat Seep limestone, or 
both. 

Goat Seep limestone.—North of Bartlett Peak in the Guadalupe 
Mountains, the Goat Seep limestone loses its massive, reef-like char- 
acter, becomes thinner-bedded, contains much sandstone, and thins 
out. On Cutoff Mountain, on the Texas-New Mexico line (Fig. 3), it is 
less than 600 feet thick (section I, Fig. 7). Here many of the sandstone 
beds are relatively coarse-grained (up to } millimeter) and resemble 
the older sandstones in the Brushy Canyon formation at the southeast, 
rather than the contemporaneous ones in the Cherry Canyon. The 
limestones in this area are drab-gray, dolomitic; they form beds a few 
feet thick, and many contain innumerable moulds of poorly preserved 
fusulinids. 

The Goat Seep limestone has much the same character for many 
miles northward in the Guadalupe Mountains, although the details of 
its stratigraphy are less well known than farther south. The Goat Seep 
is well exposed on the escarpment on the west side of the central 
ridge, overlooking Dog Canyon, as well as in the Brokeoff Mountains 
on the west and the various canyons that trench the east side of the 
ridge, at least as far north as Rocky Arroyo (Fig. 3; section H, Fig. 7). 
It has been described by Lang® and many other authors.® Still farther 
north, as suggested by Lang, the limestones of the formation may be 
Jargely replaced by rocks of redbed and evaporite facies, forming the 
basal part of the Chalk Bluff formation. 

Carlsbad limestone.—Northwestward from the reef zone in the 
Guadalupe Mountains, each bed of the thick-bedded Capitan lime- 
stone changes in turn into thin-bedded limestones of the Carlsbad.” 

88 K, H. Crandall, op. cit. (1929), p. 935. 

89 W. B. Lang, oP. cit. (1937), pp. 854-55, 858-50. 

90 Many local details are given, for example, by N. H. Darton and J. B. Reeside, 
op. cit. (1926), pp. 424-27, and by W. G. Blanchard and M. J. Davis, op. cit. (1929), pp. 
968-72. In the first paper, however, the Goat Seep is classed as part of the {Chupadera 
formation, and in the second as part of the San Andres limestone, both of which usages 
are open to much question. Blanchard and Davis state that their ‘San Andres” extends 
southward into the Capitan, but recent field work demonstrates that it passes beneath 
the Capitan in this direction. 


% The name was first adequately defined in this sense by W. B. Lang, of. cit. 
(1937), p. 868. Previously, the formation had been given other definitions. W. G. 
Blanchard and M. J. Davis, op. cit. (1929), p. 983, considered it to be entirely younger 
than the Capitan, and S. S. Nye, “Geology,” in “Geology and Ground-Water Resources 
of the Roswell Artesian Basin, New Mexico,’”’ U. S. Geol. Survey Water-Supply Paper 
639 (1933), P- 53, Classed it as a tongue of that formation. 
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The change from the reef facies to the back-reef facies takes place 
farthest southeast in the upper beds, and farthest northwest in the 
lower, as in the transition from the facies of the Delaware basin (Bell 
Canyon formation) to the reef facies. The Carlsbad limestones thus 
not only grade into limestones of the Capitan, but overlie them (Fig. 
2 A). A thin stratum of youngest Carlsbad extends southeastward to 
the edge of the Reef Escarpment, where it forms a flat bench above the 
ragged slopes of the Capitan. 

The gradation of the Capitan into the Carlsbad is well exposed in 
North McKittrick Canyon northwest of the Pratt Lodge (Fig. 15 A 
and B), but may be seen on nearly all the other canyon walls in this 
part of the mountains. The Carlsbad beds join those of the Capitan in 
nearly horizontal position, and do not rise toward them as do the beds 
on the opposite, or southeast side of the reef. 

Toward the northwest, as on Bush Mountain and Lost Peak, the 
thin-bedded Carlsbad has entirely taken the place of the thick-bedded 
Capitan, and lies directly on the Goat Seep limestone. On Lost Peak, 
about 800 feet of beds have been measured above the Goat Seep (sec- 
tion I, Fig. 7), but an unknown thickness above has been removed by 
erosion. 

Immediately back of the reef zone, the Carlsbad consists of white 
or light gray limestone, mainly dolomitic, whose straight, smooth bed- 
ding planes are a few inches to a foot apart. Many of the beds are 
crowded with sub-spherical, concentric pisolites up to an inch in diam- 
eter (see p. 607).% Other beds are crowded with the tests of fusulinids 
which, as in the Delaware Mountain group, commonly lie in parallel, 
northwestward orientation. Other fossils may be seen in cross section 
in the rock, but are generally difficult to collect. Farther northwest the 
Carlsbad limestone changes gradually into unfossiliferous, dolomitic 
limestone of dense, lithographic texture, and of white, tan, or red color. 
Such beds may be direct chemical precipitates, laid down in water 
barren of organisms. 

Interbedded with the limestones of the Carlsbad are many beds of 
brown sandstone, some of which are calcareous. The grains are mostly 
between o.1 and o.2 millimeter in diameter, and hence as fine as those 
in the Delaware Mountain group. They consist mainly of quartz 
grains, but contain a few grains of feldspar, zircon, and tourmaline. 
Such sandstone beds occur throughout the formation, and most of 
them are thin, discontinuous, and impossible to trace. 

In two zones, however, the sandstones attain some prominence. At 
Lost Peak and other places near by, are several thick, prominent sand- 

% A typical specimen is figured by W. B. Lang, op. cit. (1937), Fig. 18, p. 869. 
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stone beds near the base of the Carlsbad limestone (section I, Fig. 7). 
These have been traced northeastward to within a short distance of 
former Queen Post Office, on the central ridge of the northern Guada- 
lupe Mountains of New Mexico (Fig. 3), thus suggesting that they are 
equivalent to the Queen sandstone member of the Chalk Bluff forma- 
tion, described below. They have also been traced southward from 
Dog Canyon into North McKittrick Canyon, where they pass into the 
basal part of the Capitan limestone (Fig. 15 B). Southwestward, they 
have been traced across a rugged, much faulted terrane to the vicinity 
of Bartlett Peak, where they appear to lie at about the same position 
as the sandy zone that separates the Goat Seep and Capitan lime- 
stones (Fig. 14 B).% 

Near the mountain tops between North and South McKittrick 
canyons is another prominent sandstone zone, about 50 feet thick, 
which is much higher stratigraphically than the Queen equivalent, and 
evidently lies near the top of the Carlsbad limestone (Fig. 15 B). This 
is probably the same as the sandstone horizon recognized by DeFord, 
Riggs, and Wills™ near Carlsbad, New Mexico, and correlated by them 
with the Yates sandstone of the Whitehorse group of the subsurface 
on the east. 

Chalk Bluff formation.—Farther away from the reef zone, in the 
northern Guadalupe Mountains of New Mexico, the Carlsbad lime- 
stone and probably also the Goat Seep limestone are replaced by an 
evaporite facies, the Chalk Bluff formation. The relations in this region 
have been described by several authors. Most of the Chalk Bluff for- 
mation and beds associated with it have been stripped from the central 
ridge of the Guadalupe Mountains and are exposed only down the dip 
east toward the Barrera, or prong of the mountains that extends north- 
eastward behind the Reef Escarpment (Fig. 3). Particularly instruc- 
tive exposures are seen in the gorge cut by Rocky Arroyo, where it 
drains eastward through the prong. 


% The same tracing was attempted earlier by W. G. Blanchard and M. J. Davis, 
op. cit. (1929), p. 972, who concluded that the Queen horizon is “stratigraphically within 
300 feet of the top beds of El Capitan.”’ This would place it above, rather than below 
the Capitan limestone. After having been over the ground, it is evident that these au- 
thors failed to recognize the large number of sandstones at different horizons in the back- 
reef section, and erroneously considered them to form a single horizon. Blanchard and 
Davis’s correlation of the Queen led them to conclude that all the back-reef beds here 
discussed are younger than the Capitan, an interpretation that is not accepted in this 
paper. 

*R. K. DeFord, G. D. Riggs, and N. H. Wills, “Surface and Subsurface Forma- 
tions, Eddy County, New Mexico’”’ (abstract), Bull. Amer. Assoc. Petrol. Geol., Vol. 
22 (1938), pp. 1706-07. 

% See especially K. H. Crandall, of. cit. (1929), pp. 940-41; W. G. Blanchard and 
ro Davis, op. cit. (1929), pp. 983-85; and W. B. Lang, op. cit. (1937), pp. 855-57, 

59-03. 
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The Chalk Bluff formation is composed of anhydrite, redbeds, 
sandstone, and thin dolomites, all complexly interbedded, and having 
a thickness of about 1,000 feet. Lang® also notes the occurrence in the 
formation of bentonite beds, which may be related to the volcanic ash 
beds in the Delaware Mountain group on the southeast. 

Toward the northwest, where the gradation from limestone is com- 
plete, beds of the Chalk Bluff formation that are of Capitan age can be 
divided into several parts, on the basis of the relative amounts of sand- 
stone (section H, Fig. 7). Classifications have been proposed by Lang*” 
and by DeFord, Riggs, and Wills®* but these have only appeared in 
summary form, and the details have not yet been published.°** 

In this area, the lower sandstones of the formation make up the 
Queen sandstone member. Above is a sequence of dominantly anhy- 
dritic beds that form the Seven Rivers gypsiferous member. The upper 
part of the formation, above the Seven Rivers, has been termed the 
Three Twins member by Lang. On the other hand, DeFord, Riggs, 
and Wills divide the upper part into two units, the Yates and Tansill, 
but it is not clear whether the lower limit of the Yates is the same as 
the lower limit of the Three Twins. The Yates of these authors is 
dominantly sandy, and is correlated with the Yates sandstone of the 
subsurface on the east, whereas the Tansill is dominantly anhydrite 
and dolomitic limestone. The standstones of the Chalk Bluff formation 
extend nearer the reef zone than the evaporites, and, as already indi- 
cated, equivalents of the Queen and Yates horizons are apparently 
recognizable in the Carlsbad limestone. 

In the zone of transition between the Carlsbad limestone and 
Chalk Bluff formation, the facies interfinger, so that tongues of one 
extend between tongues of the other. The Seven Rivers gypsiferous 
member thus extends southeastward as a thinning wedge, from which 
a lowland, the Seven Rivers Embayment, has been carved (Fig. 3). 
This separates the central ridge of the northern Guadalupe Mountains 
from the Barrera, its northeastern prong. The Barrera itself is capped 
by a northwestward-thinning wedge of Carlsbad limestone, the 
Azotea tongue of Lang, which consists of poorly fossiliferous, dolomitic 
limestone, perhaps a direct chemical precipitate, and grades into the 
gypsiferous member along the northwest edge of the Barrera. The 


% W. B. Lang, op. cit. (1937), p. 856. 
97 W. B. Lang, op. cit. (1937), pp. 859-63. 
9 R. K. DeFord, G. D. Riggs, and N. H. Wills, op. cit. (1938), pp. 1706-07. 


98a A detailed definition of the Tansill has recently been published. Ronald K. De 
Ford, and George D. Riggs, ‘“Tansill Formation, West Texas and Southeastern New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), pp. 1713-28. 
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gradation is best exposed near the western end of the gorge of Rocky 
Arroyo.®® The feather edge crosses the Pecos River below Lake Mc- 
Millan, northwest of the town of Carlsbad (Fig. 3).!° 

The overlying Three Twins member of the Chalk Bluff formation 
extends southeastward for some miles above the Azotea tongue of the 
Carlsbad limestone (Fig. 2 A). It grades into, and is partly overlain by, 
dolomitic limestones, which form the top of the Carlsbad limestone, 
and crop out in the hills immediately west of the town of Carlsbad. In 
this region, DeFord, Riggs, and Wills!" have recognized in both their 
Yates and Tansill units (approximately equal to the Three Twins) a 
considerable number of thin, widely traceable subdivisions. Interbed- 
ded with the dolomitic limestones of the Yates are five sandstone beds, 
and with those of the Tansill a silt bed. 

The Chalk Bluff formation, like the other rocks of the Guadalupe 
Mountains, dips toward the east, and beyond the Pecos River is buried 
beneath the younger rocks of the Llano Estacado (PI. 1). It is strati- 
graphically continuous with beds which, in subsurface work in that 
area, are known as the Whitehorse group. It also has the same limits, 
the same facies, and the same subdivisions. 


FOSSILS 


Introduction.—The fossils of the Guadalupe series constitute a 
| large and varied assemblage which is divisible not only into several 
; different faunal facies related to the rock facies, but also into several 
distinct zones. Within the West Texas region, at least, the fossils of 
the Guadalupe series express the final development of Permian marine 
life, and constitute the greater part of Girty’s ‘‘Guadalupian fauna.”’! 

A considerable amount of information on the fossils is available 
from different sources. Those originally described by Girty from the 
Guadalupe Mountains section came mostly from the upper part of the 

99 First described and so interpreted by C. L. Baker, op. cit. (1920), p. 115, and well 
illustrated by W. B. Lang, op. cit. (1937), Fig. 11, p. 861. The interpretation is now gen- 
erally accepted, although W. G. Blanchard and M. J. Davis, op. cit. (1929), pp. 984-85, 
suggested an alternative view that the limestones overlapped unconformably on the 
anhydrites. The relations have recently been described in detail by Robert L. Bates, 


“Lateral Gradation in the Seven Rivers Formation, Rocky Arroyo, Eddy County, New 
Mexico,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 26 (1942), pp. 80-99. 

100 Exposures of the tongue at this locality were described by O. E. Meinzer, B. C. 
Renick, and Kirk Bryan in ‘‘Geology of No. 3 Reservoir Site of the Carlsbad Irrigation 
Project, with Reference to Water Tightness,’”’ U. S. Geol. Survey Water-Supply Paper 
580 (1926), pp. 12-13. The overlying beds, which they termed the Castile formation, 
are now known to belong to the Three Twins member of the Chalk Bluff formation. 

101 R, K. DeFord, N. H. Wills, and G. D. Riggs, in “Fall Field Trip, Eddy County, 
New Mexico,”’ West Texas Geol. Soc. Guidebook (September, 1940), Fig. 2, p. 6. 

o G. H. Girty, “The Guadalupian Fauna,” U. S. Geol. Survey Prof. Paper 58 
1908). 
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Quadalupe series (Capitan limestone and Pinery member of Bell Can- 
yon formation), but a few collections came from lower beds, and many 
of the species now known to occur in the lower part of the series were 
described from other areas. In this discussion, use has also been made 
of Girty’s memoranda on subsequent collections, including an ex- 
tended review of collections made by the writer’s field party. 

Among the brachiopods, species that occur in the Guadalupe series 
were described by R. E. King.! In addition, the fusulinids have been 
described by Dunbar and Skinner! and Needham,'® the ammonoids 
by Plummer and Scott! and Miller and Furnish,'” and the algae by 
Johnson! and 

The faunas are herewith described in a different order from that 
used in describing the formations. The formations were described ac- 
cording to their respective facies, but description of the faunas would 
seem to be more useful if they were taken up in chronological order. 
They are therefore classed below in relation to the three subepochs of 
the Guadalupe series that were mentioned on page 576. 

First sub-epoch.—The first sub-epoch of Guadalupe time is repre- 
sented only by the Brushy Canyon formation of the Delaware Moun- 
tain group. In this formation, fusulinids are abundant in many layers,. 
but other fossils occur only here and there in lenses, and are mostly 
water worn. The nature of the fossils and their state of preservation 
seem to confirm the inference obtained from the rocks themselves, that 
deposition took place in shallow, agitated water. 


103 R, E. King, “Geology of the Grass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Descriptions of Brachiopoda,” Univ. 
Texas Bull. 3042 (1931). 

104 C, O. Dunbar and J. W. Skinner, “Permian Fusulinidae of Texas,’’ Univ. Texas 
Bull. 3701 (1937), PP- 593-94- 

105 C, E. Needham, “Some New Mexico Fusulinidae,’’ New Mexico School Mines 
Bull. 14 (1937), PP. 13-14. 

1066 F, B. Plummer and Gayle Scott, “Upper Paleozoic Ammonites in Texas,’’ Univ- 
Texas Bull. 3701 (1937), p. 27. 

107 A. K. Miller and W. M. Furnish, ‘Permian Ammonoids of the Guadalupe Moun- 
tain Region and Adjacent Areas,’’ Geol. Soc. America Spec. Paper 26 (1940), pp. 10-12. 

108 J. H. Johnson, “‘Calcareous Algae from the Carlsbad Limestone of New Mexico”’ 
(abstract), Bull. Geol. Soc. America, Vol. 49 (1938), p. 1889. 

, “Ecologic Distribution of Lime-Secreting Algae of the Permian Carlsbad 
Reef, Guadalupe Mountains, New Mexico”’ (abstract), ibzd., Vol. 50 (1939), p. 1915. 
, “Permian Lime-Secreting Algae from the Guadalupe Mountains, New 
Mexico,” ibid., Vol. 53 (1942), pp. 195-226. 

_ 1° J. V. Pia, “Die wichtigsten Kalkalgen des Jungpalaozoikums und ihre geolo- 
gische Bedeutung,’’ Compte rendu du deuxiéme congres pour l’avancement des études de 


stratigraphie Carbonifére (Heerlen, 1937), pp. 815-16. 
, “Vorliufige Ubersicht der Kalkalgen des Perms von Nordamerika,” 


Akad. Wiss. Wien, Math.-Naturwiss. Kl., Anz. 9, preprint (June 13, 1940). 
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The fusulinids belong to the zone of Parafusulina, whose charac- 
teristic genus dominates the fauna to the exclusion of all others. It is 
characterized by ‘“‘the fact that .. . septal folds have become arches 
over cuniculi that run spirally about the shell . . . Many of the largest 
species occur here.” Species include Parafusulina rothi Dunbar and 
Skinner, P. sellardsi Dunbar and Skinner, P. maleyi Dunbar and 
Skinner, and P. Jineata Dunbar and Skinner, which are found from the 
base to the top of the formation. These are notably more advanced 
than species of the same genus in the underlying Bone Spring lime- 
stone of the Leonard series (including the Victorio Peak gray member). 
This is, incidentally, proof that the Victorio Peak is pre-Delaware 
Mountain in age, and not a facies of the lower part of that group. 

The remaining fossil groups are so poorly represented that the 
1,000 feet of beds in the formation constitute a nearly complete gap in 
the paleontological sequence. Most of the other fossils are brachiopods, 
and especially productids, whose species are in general more closely 
related to those in the beds above than those below. For example, the 
assemblage of productids, typified by Productus ivesi Newberry is 
missing, although it is abundant in the underlying Victorio Peak and 
other members of the Bone Spring. No ammonoids have so far been 
collected from the formation, and other classes of fossils are scarcely 
if at all represented. 

Second sub-epoch.—The succeeding sub-epoch is represented by a 
larger assemblage of fossils, which come from beds of more diverse 
character. Beds of this age are represented in the Delaware Basin by 
the Cherry Canyon formation, and in the reef and back-reef areas by 
the sandstone tongue of the Cherry Canyon formation and the Goat 
Seep limestone. 

In the Delaware Basin area, fossils are found at three main levels: 
near the base of the Cherry Canyon formation in the pre-Getaway 
zone; not far above it in the Getaway limestone member; and still 
higher in the South Wells limestone member. Above the South Wells 
is a paleontological gap several hundred feet thick that extends to the 
Hegler limestone member at the base of the succeeding Bell Canyon 
formation. No fossils have been collected in the intervening beds, al- 
though poorly preserved specimens have been seen in the Manzanita 
limestone member. 

The fusulinids of the pre-Getaway beds and Getaway limestone 
member are closely related to those in the underlying Brushy Canyon 
formation, and contain many of the same species. Those of the over- 
lying South Wells limestone member also belong to the zone of Para- 


10 C, O. Dunbar and J. W. Skinner, of. cit. (1937), p. 581. 
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fusulina, but only one species of the underlying fauna is present.™ 
The next fusulinids that have been collected above the South Wells 
member are in the Hegler member and belong to the succeeding zone 
of Polydiexodina. 

The Getaway limestone member contains a rich and diversified 
assemblage of brachiopods. Typical species among the productids are: 
Productus popeit Shumard, P. guadalupensis Girty, P. walcottianus 
Girty, P. capitanensis Girty, P. (Pustula) subhorridus Meek, P. (Pus- 
tula?) pileolus Girty, P. (Waagenoconcha) montpelierensis Girty, P. 
(Cancrinella) signatus Girty, P. (Cancrinella) phosphaticus Girty, and 
P. (Marginifera) wordensis (King). Other brachiopod groups include 
Meekella attenuata Girty, Chonetes hillanus Girty, Aulosteges guadalup- 
ensis Shumard, Prorichthofenia permiana (Shumard), several terebrat- 
uloids, Spirifer sulcifer Shumard, S. pseudocameratus Girty, S. latus 
King, and Leptodus americanus Girty. Rhynchonellids are abundant 
and diversified, and include Leiorhynchus bisulcatum (Shumard), and 
L. weeksi var. nobilis (Girty). Many of the brachiopod species make 
their first appearance in the Getaway member, or extend no lower than 
the pre-Getaway beds beneath. Some of these are also characteristic 
of the Capitan and related faunas above (Productus capitanensis, P. 
(Pustula?) pileolus, Chonetes hillanus, and Aulosteges guadalupensis). 

In the South Wells member, most of the brachiopod groups that 
are abundant in the Getaway, such as the productids, are uncommon 
and occur mainly in the gray limestone beds. However, the rhyncho- 
nellids (Pugnax, Leiorhynchus, et cetera) increase greatly in number and 
size, especially in the darker limestone beds that contain abundant am- 
monoids. Many of these belong to species different from those in the 
Getaway. 

Pelecypods are very numerous in the pre-Getaway and Getaway 
faunas, and in fact dominate the first." Many of the same genera and 
species are present in each, but there are some differences between the 
two faunas, even though they are not far apart stratigraphically. 
Pelecypods are rare in the South Wells member above. Gastropods, 
like the pelecypods, are most abundant in the pre-Getaway beds and 
Getaway member, but are somewhat less common and less well pre- 
served. 

Ammonoids reach their greatest development in the South Wells 
member, where they are very abundant in dark limestones near the 
type locality. Some of them have been described by Plummer and 
Scott,!® and still larger collections have been studied by Miller and 


11 C, O. Dunbar and J. W. Skinner, oP. cit. (1937), locality 168, p. 727. 
12 G. H. Girty, op. cit. (1908), localities 2903 and 2931, p. 21. 
u8 F, B. Plummer and Gayle Scott, of. cit. (1937), locality 55-T-2, p. 27. 
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Furnish."* The latter have identified the following species in the 
Cherry Canyon formation: Medlicottia burckhardti Bose, Paraceltites 
ornatus Miller and Furnish, P. sellardsi Miller and Furnish, Cibolites? 
uddeni Plummer and Scott, Pseudogastrioceras altudense (Bose), P. 
beedei (Plummer and Scott), P. roadense (Bose), P. serratum (Girty), 
W aagenoceras guadalupense Girty, and W. dieneri Bose. Most of these 
come from the South Wells member. The few ammonoids which occur 
in the pre-Getaway and Getaway faunas resemble those of the South 
Wells fauna, except that its characteristic genus, Waagenoceras, has 
not been found. 

In summarizing the three faunas of the Cherry Canyon formation, 
it may be noted that in the pre-Getaway fauna, pelecypods are most 
abundant, and gastropods and brachiopods, although common, are 
subordinate. The Getaway fauna is far more abundant and diversified, 
containing representatives of nearly all the invertebrate groups, but 
with fusulinids, brachiopods, pelecypods, and gastropods most abun- 
dant. In the South Wells fauna, most of the groups are reduced in num- 
ber, but rhynchonellid brachiopods and ammonoids increase greatly 
in number. From the nature of the faunas, and the character of the 
beds containing them, it seems that the pre-Getaway and Getaway 
faunas existed in shallow, agitated water. The restricted fauna of the 
South Wells evidently existed in a less favorable environment, and per- 
haps in one of deeper and quieter water. ; 

In the reef zone and back-reef area on the northwest, the faunas of 
the second unit of the Guadalupe series lack the abundance and diver- 
sity of those just discussed. The fossils are, moreover, poorly preserved 
largely because of the prevailing dolomitization of the rocks containing 
them. Rather numerous collections of such material have been made 
in the southern Guadalupe Mountains from the sandstone tongue of 
the Cherry Canyon formation and the Goat Seep limestone, and in the 
northern Guadalupe Mountains (Last Chance Canyon, Fig. 3) Darton 
and Reeside! have made large collections, probably also from the 
Goat Seep limestone. 

The faunas of the sandstone tongue and the Goat Seep limestone 
are similar. In both, large fusulinids are numerous, probably mostly 
belonging to the Parafusulina rothi assemblage," but are generally too 
poorly preserved for identification. The brachiopods show many con- 
trasts with those in equivalent beds in the Delaware basin on the 


14 A. K. Miller and W. M. Furnish, of. cit. (1940), pp. 10-11. 


18 N. H. Darton and J. B. Reeside, of. cit. (1926), p. 426. 


16 From Last Chance Canyon, C. E. Needham, of. cit. (1937), p. 13, has identified 
Parafusulina dunbari Needham. According to J. W. Skinner, personal communication 
of August, 1938, this is a synonym for P. rothi Dunbar and Skinner. 
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southeast. For example, the rhynchonellids, terebratuloids, spirifer- 
oids, and many other groups are poorly represented. On the other hand 
Orthotetes, Meekella, Enteletes, and the productids are common. In the 
Goat Seep limestone, the productids include Productus guadalupensis 
Girty, P. walcottianus Girty, P. popei Shumard, and P. (Waagenocon- 
cha) montpelierensis Girty, which it will be recalled occur also in the 
Getaway member. Pelecypods and gastropods are rare in both forma- 
tions, and ammonoids are unknown. 

The Goat Seep fauna also differs materially from that in the over- 
lying Capitan limestone, although both occur in similar rock, and were 
probably both deposited in a reef environment. The differences are not 
only in the relative abundance of different groups, but in the species 
that are present. It should be noted, however, that the Goat Seep, like 
the Capitan, contains sponges, and that these belong to the same or 
related genera (such as Guadalupia and A mblysiphonella). 

Third sub-epoch.—The fauna of the third sub-epoch of Guadalupe 
time, like that of the second, comes from beds of contrasting facies. 
The Delaware Basin facies is represented by collections from the lime- 
stone members of the Bell Canyon formation, the reef facies by collec- 
tions from the Capitan limestone, and the back-reef facies by collec- 
tions from the Carlsbad limestone. In all three, the material obtained 
is abundant, thus affording better opportunity for comparing the 
faunal facies than was possible in the second sub-epoch. The descrip- 
tions that follow indicate that there are important differences between 
the facies, but it is interesting to note that all three contain the char- 
acteristic fusulinids of the zone, and that two contain at least some of 
the characteristic ammonoids. 

All the limestone members of the Bell Canyon formation in the 
Delaware basin area contain some fossils, but these are most abundant 
and varied near the edge of the reef zone, especially in the lighter gray, 
more granular limestones. These contain such groups as fusulinids, 
corals, crinoids, bryozoans, brachiopods, and mollusks. Farther south- 
east in the basin, where the members are mostly dark limestone, the 
fossil groups present are greatly restricted in number in the lower 
members, and in the highest (Lamar) fossils are absent entirely. In 
this area, the lower members contain only ammonoids, fusulinids, 
brachiopods (mainly rhynchonellids), and a few pelecypods. 

The faunas of the limestone members are best typified by that in 
the Pinery limestone member, which corresponds with the ‘‘upper dark 
limestone fauna” as originally described by Girty."” This is repre- 
sented by the largest and most varied collections. Some differences 


17 G. H. Girty, op. cit. (1908), locality 2830, p. 18. 
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exist between it and the other faunas, but these are partly caused by 
local differences in facies and accidents in collecting. There is a tend- 
ency for the faunas above the Pinery to assume more of a Capitan 
character. The nature of the fauna in the highest one (Lamar) is indi- 
cated by a list supplied by Girty for Darton and Reeside’s paper.!!® 

Fusulinids are present in the lower three members (Hegler, Pinery, 
and Rader) on the outcrop, and have been seen by Skinner in the high- 
est (Lamar) in wells drilled farther southeast." All belong to the zone 
of Polydiexodina, whose characteristic genus, according to Dunbar and 
Skinner, is “‘very elongate, slender, and closely coiled, and in addition 
of the cuniculi, develops supplementary tunnels.’’ Two species of the 
genus, P. capitanensis Dunbar and Skinner and P. shumardi Dunbar 
and Skinner are present. Associated with them are the smaller species 
Leélla bellula Dunbar and Skinner, Codonofusiella paradoxica Dunbar 
and Skinner, and Ozawainella delawarensis Dunbar and Skinner. Other 
Foraminifera, the only ones known from the Guadalupe Mountains 
section, have been collected by H. C. Fountain in marly partings in 
the Rader member along Lamar Canyon, between its junctions with 
Bell and Cherry canyons (Fig. 3). According to L. G. Henbest,!”° these 
include Textularia, Deckerella, Climacammina, Globovalvulina, Tetra- 
taxis, Polytaxis, Ruditaxis, Geinitzia, and Spandelina. 

The Pinery limestone member contains two minute crinoids, Co- 
enocystis and Allagecrinus,' which may prove to be of some strati- 
graphic significance. Some corals are present, as well as numerous bry- 
ozoans, including the genera Domopora, Fistulipora, Fenestella, and 
Acanthocladia. Bryozoans are less common in the overlying Rader and 
Lamar members. 

As usual in the Permian rocks of the region, the most abundant 
fossils in the limestone members are the brachiopods. Those in the 
Pinery include Chonetes permianus Shumard (not found below the 
Hegler), C. hillanus Girty, Aulosteges guadalupensis Shumard, Pro- 
richthofenia, Leptodus, and various terebratuloids. The productids and 
spiriferoids resemble those in the Capitan, and include Productus 


u8 N. H. Darton and J. B. Reeside, op. cit. (1926), p. 424, “from dark limestones in 
the mouth of Big Canyon.” 


119 J. W. Skinner, personal communication of January, 1939. The wells include the 
Niehaus e¢ al. Caldwell No. 1, 35 miles southeast of Guadalupe Peak (Fig. 3 and well 17, 
C-III, Pl. 1), and the Ohio Oil Company’s Popham No. 1, much farther southeast, in 
Reeves County (well 18, D-IV, Pl. 1). 


20... G. Henbest, memorandum of May, 1938. 


21 Tdentified by Edwin Kirk. The first genus was originally described from the 
southern Delaware Mountains: G. H. Girty, op. cit. (1908), pp. 108-09, probably from 
beds of the same age as the Pinery limestone member. 
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capitanensis Girty, P. popet Shumard, P. opimus Girty, P. occidentalis 
Newberry, P. (Pustula?) pileolus Girty, Spirifer mexicanus Shumard, 
S. sulcifer Shumard, S. pseudocameratus Girty, and Spiriferina laxa 
Girty. Rhynchonellids are common, and include both Leiorhynchus 
bisulcatum (Shumard) and its variety seminuloides Girty. In the Lamar 
member above, the Orthotetinae (such as Orthotetes guadalupensis 
Girty and Streptorhynchus gregarium Girty) are more abundant, as 
well as species of Sguamularia and Martinia. 

Pelecypods and gastropods are moderately abundant in the lime- 
stone members, and include such species as Aviculopecten guadalupen- 
sis Girty and Euomphalus sulcifer Girty. . 

Ammonoids are common in the lower three members (Hegler, Pin- 
ery, and Rader). Collections by the writer’s party have been studied 
by Miller and Furnish,’ who have identified Medlicottia girtyi Miller 
and Furnish, Paraceltites altudensis (Bése), Cibolites uddeni Plummer 
and Scott, Xenaspis skinneri Miller and Furnish, Pseudogastrioceras 
altudense (Bése), P. beedei (Plummer and Scott), P. roadense (Bése), 
W aagenoceras guadalupense Girty, W. dieneri Bose, and Timorites cf. 
T. schucherti Miller and Furnish. The fauna is similar to that in the 
underlying South Wells member of the Cherry Canyon formation, 
which it will be recalled contains at least six of the same species, but 
there are some notable innovations. Thus, Timorites is closely related 
to Waagenoceras, but is more highly developed; and Xenaspis (re- 
ported for the first time in North America) is confined to the later 
Permian rocks of Europe and Asia. 

The overlying Lamar member, near the top of the Bell Canyon for- 
mation, contains only one ammonoid, Strigogoniatites fountaini Miller 
and Furnish. ‘“‘The genus Strigogoniatites has not been found elsewhere 
in Texas, but in Coahuila a rather primitive representative occurs in 
the Capitan horizon. An advanced representative of the genus is 
known from Timor” (p. 12). 

The Capitan limestone, in the reef zone northwest of the Delaware 
basin, is the same in age as the limestone members whose faunas have 
just been summarized. A large part of its abundant fauna has already 
been described by Girty." Most of his collections came from the 
younger parts of the formation, but additional collections by H. C. 
Fountain in the older part contain essentially the same fossils. The 
Capitan fauna is similar to that in the limestone members of the Bell 
Canyon, but the relative proportions of the various groups are not the 
same. 


122 A. K. Miller and W. M. Furnish, of. cit. (1940), pp. 11-12. 
223 G. H. Girty, op. cit. (1908), pp. 15-17. 
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The Capitan fauna consists of two more or less distinct facies. One, 
characterized particularly by sponges and algae, occupies the greater 
part of the mass of the formation, and may be considered as the true 
reef-building assemblage. Sponges are not only abundant, but belong 
to many types, which include Anthracosycon, Virgula, Guadalupia, 
Cystothalmia, and Amblysiphonella. Johnson™ summarizes the occur- 
rence of algae in the Capitan as follows. 


Along the lower (deeper) slope of the reef front the algae are undescribed 
forms which consist of masses of very fine entwined twisting tubes or filaments 
(Girvanella) of green or blue-green algae. The upper slope and crest of the 
reef front, beside containing the same forms as are found on the lower slope, 
show a considerable development of red algae belonging to the genus Soleno- 
pora. The reef platform or shelf behind the crest shows small colonies of fine 
filaments (green or blue-green algae) with a few small fragments of Solenopora. 


According to Pia! some of the specimens that Girty figured as repre- 
senting the sponge Guadalupia are actually algae of the genera Mizzia 
and Macroporella. It is possible that other algae than those that have 
been observed had a part in the building of the limestone, and that 
their calcareous skeletons have since broken down and recrystallized 
so that no trace of them is left. With the sponges and algae are numer- 
ous crinoid columns, a few bryozoans, and corals. 

The remainder of the fauna, found mostly in thinner lenses, in- 
cludes occasional fusulinids of the genus Polydiexodina, a few ammo- 
noids of the genus Waagenoceras, and fairly common nautiloids. The 
most abundant groups, however, are brachiopods, pelecypods, and 
gastropods. 

The brachiopods include most of the species found in the Bell 
Canyon formation, some of which have already been mentioned (p. 
603). There is a notable increase in the numbers of the Orthotetinae 
(Streptorhynchus, Orthotetes, Geyerella, Derbya, and Meekella), the te- 
rebratuloids (Dielasma, Notothyris, and Heterelasma) and the genera 
Squamularia, Martinia, and Composita. The genera Productus, Spiri- 
fer, and Spiriferina are common, but the number of their species is 
rather small. Some, such as Productus capitanensis Girty and Spirifer- 
ina billingst Shumard do not extend into the lower part of the Permian. 


124 J. H. Johnson, “‘Ecologic Distribution of Lime-Secreting Algae in the Permian 
Carlsbad Reef, Guadalupe Mountains, New Mexico” (abstract), Bull. Geol. Soc. 
America, Vol. 50 (1939), p. 1915. 

For further details, see: J. H. Johnson, “Permian Lime-Secreting Algae from the 
Guadalupe Mountains, New Mexico,’”’ Bull. Geol. Soc. America, Vol. 53 (1942), pp. 
216-17. 


125 J. V. Pia, “Vorliufige Ubersicht der Kalkalgen des Perms von Nordamerika,”’ 
Akad. Wiss. Wien, Math.-Naturwiss. Kl., Anz. 9, preprint (June 13, 1940). 
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The characteristic Permian genera Prorichthofenia, Leptodus, and 
Aulosteges are common. 

Pelecypods and gastropods are less abundant than the brachio- 
pods, but belong to a large number of species. One of the most remark- 
able features of Fountain’s collections from the formation is the pres- 
ence of several specimens of gastropods, identified as Euconispira 
obsoleta Girty,'* on which the original color markings are still intact. 

The Carlsbad limestone, or back-reef facies, is barren of life over 
most of its extent, but for some miles back of the reef zone it contains 
fairly abundant fossils. Most of these are poorly preserved because of 
dolomitization, or difficult to collect on account of the hardness of the 
rock, but Fountain has succeeded in obtaining a rather large amount 
of material. Similar fossils have been collected by naturalists of the 
National Park Service in and near Carlsbad Cavern, and are on 
exhibit there. 

The most abundant fossils near the reef zone are fusulinids and al- 
gae. The fusulinids, like those in the Bell Canyon and Capitan forma- 
tions, belong to the zone of Polydiexodina, and include Polydiexodina 
capitanensis Dunbar and Skinner, P. shumardi Dunbar and Skinner, 
Leélla bellula Dunbar and Skinner, Codonofusiella paradoxica Dunbar 
and Skinner, and Staffella fountaini Dunbar and Skinner. 

Johnson"? summarizes the occurrence of algae as follows. 


In the deposits laid down in the lagoon immediately behind the reef, pisolites 
containing fine algal filaments, and Girvanella nodules occur with abundant 
fusulinids and other Foraminifera. Associated with the fusulinids, green 
(siphonous) algae of the genus Mizzia are numerous. 


From these beds, Pia™*® has identified the following algal genera: 
Macroporella, Mizzia, Solenopora, and Gyrogonites. 

Regarding the pisolites which occur abundantly with the fusulin- 
ids and algae, Pia'** says: 
The commonest of these are approximately spherical forms with fine concen- 
tric lamination. The samples at my disposal are from 1 to 7 centimeters in 
diameter, but according to the field geologists they may reach a foot across. 
With the pisolites occur sinuous laminations and tufted growths. ... An 
interesting feature of these structures is their surprising similarity to the well- 


126 These were placed in a new genus by Girty in a manuscript in preparation at the 
time of his death. 

27 J. H. Johnson, op. cit. (1939), p. 1915. 
, op. cit. (1942), p. 217. 


128 J. V. Pia, “Die wichtigsten Kalkalgen des Jungpalaozoikums und ihre geologische 
Bedeutung,”’ Compte rendu du deuxiéme congres pour V’avancement des études de strati- 
graphie Carbonifcre (Heerlen, 1937), pp. 815-16. 

128 J. V. Pia, “Vorlaufige Ubersicht der Kalkalgen des Perms von Nordamerika,”’ 
Akad. Wiss. Wien, Math.-Naturwiss. Kl., Anz. 9, preprint (June 13, 1940). Translated 
for the writer by John Rodgers. 
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known concretions in the Magnesian Limestone of Durham, England, and 
in both areas we are probably dealing with similar chemical processes. It is 
noteworthy that they took place in two such widely separated regions at ap- 
proximately the same time, and produced such volume of deposit as has not 
been reported from any other part of the section, except perhaps the pre- 
Cambrian. 

On the other hand, Johnson,!*° while noting the absence of cellular or 
definite organic structure in the pisolites, considers ‘‘that the majority of the 
‘pisolites’ are of algal origin, representing calcareous material deposited around 
the outer (growing) layers of colonies of low types of blue-green algae. . . . In 
appearance, these ‘pisolites’ are very similar to the modern algal balls and 
biscuits forming in modern fresh-water deposits.” 


The remainder of the fauna, consisting largely of brachiopods, 
pelecypods, and gastropods, is very different from that in the Capitan 
and Bell Canyon formations a few miles away, although they are 
proved by field work to be of the same age. Brachiopods are greatly 
diminished in numbers, and several great groups that have character- 
ized all the Permian rocks so far discussed are astonishingly absent. 
According to Girty,!*° “Against 50 species in the Capitan, the Carlsbad 
contains 14, and what is more remarkable, the groups of Productidae 
and Spiriferae are unrepresented. The forms chiefly present belong to 
the Orthotetinae and Terebratulidae.”’ Besides this, such familiar 
genera as Chonetes, Camarophoria, Hustedia, Aulosteges, and Leptodus 
are also absent. Prorichthofenia is, however, abundant, and the Or- 
thotetinae include a large, wrinkled Plicatoderbya. 

By contrast, the gastropods of the Carlsbad are much moxe numer- 
ous than in the Capitan, and in fact dominate the fauna. They include 
several bellerophontids, and Pleurotomaria, Naticopsis, and Trachy- 
domia. Pelecypods are less abundant than gastropods, and not as 
abundant as in the Capitan. Many Capitan genera are present, but not 
all the species are the same. 

Few fossils have been found farther northwest from the reef in the 
back-reef area, but some pelecypods and gastropods were discovered 
by Beede'* in the Azotea tongue of the Carlsbad limestone at two 
localities west and northwest of Carlsbad, New Mexico. From new col- 
lections made at one of these places, Newell! has identified Dozierella 
gouldii (Beede) and Pleurophorus albequus Beede which also occur in 
the fauna of the lower part of the Whitehorse group of Oklahoma and 


29 J. H. Johnson, op. cit. (1942), pp. 213-14. 


130 G. H. Girty, memorandum of December, 1938. 
181 J. W. Beede, “The Correlation of the Guadalupian and Kansas Sections,” 
Amer. Jour. Sci., 4th Ser., Vol. 30 (1910), p. 136. 


182 N. D. Newell, “Invertebrate Fauna of the Late Permian Whitehorse Sandstone,”’ 
Bull. Geol. Soc. America, Vol. 51 (1940), pp. 279-80. 
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north-central Texas, where they “make up more than three-quarters 
of all the specimens found.”* Newell’s observations thus tend to con- 
firm the correlation of the Carlsbad limestone with the Whitehorse 
group, a correlation originally suggested by Beede. The faunal facies 
of the Whitehorse group resembles that of the Carlsbad limestone in 
that productids and other strophomenoid brachiopods are absent from 
it, whereas the terebratuloids are abundant.™ 


OCHOA SERIES 
GENERAL FEATURES 


Character.—Overlying the Guadalupe series on the east slope of the 
Guadalupe Mountains is a mass of strata several thousand feet thick, 
consisting largely of evaporites. This constitutes the Ochoa series 
which includes, in ascending order, the Castile, Salado, Rustler, and 
Dewey Lake formations. In considerable areas, the Rustler lies with 
pronounced unconformity on the underlying Salado, so that the series 
includes two sub-cycles of sedimentation. 

Age.—As already indicated (pp. 546-547), the Ochoa series is gen- 
erally considered to be late Permian in age, although this conclusion is 
based largely on physical relations, and no direct fossil evidence has 
been found to dispose of the possibility that it may be Triassic. The 
series is overlain by the Dockum group, of Upper (?) Triassic age. 

Sources of information.—Very little of the information on the rocks 
of the Ochoa series summarized in this paper is based on personal ob- 
servation. This is partly because the writer has studied only the out- 
crops of parts of its lowest formation, the Castile, and partly because 
the exposures of the rocks of the series give less information than that 
obtained by subsurface studies. A number of recent papers give infor- 
mation on the results of subsurface work. Lang,’ Adams,'* and Kroen- 
lein’®? have described the formations in the Delaware basin east of 
the mountains, and Adams,*8 Page and Adams," and others have de- 
scribed them farther east in the Midland basin. 


133 N, D. Newell, of. cit. (1940), p. 269. 
134 N, D. Newell, op. cit. (1940), pp. 270-71. 
~ 135 W. B. Lang, “Upper Permian Formation of Delaware Basin of Texas and New 

Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), pp. 264-69. 

136 J. E. Adams, “Oil Pool of Open Reservoir Type,’’ibid., Vol. 20 (1936), pp. 783-85. 

137 G. A. Kroenlein, “Salt, Potash, and Anhydrite in Castile Formation of South- 
east New Mexico,”’ ibid., Vol. 23 (1939), pp. 1682-93. 

138 J, E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,” 
ibid., Vol. 19 (1935), pp. 1019-22. 

1839 L, R. Page and J. E. Adams, “Stratigraphy, Eastern Midland Basin, Texas,”’ 
ibid., Vol. 24 (1940), pp. 61-63. 
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DETAILED FEATURES 


Relations to underlying beds—The Castile, or lowest formation of 
the Ochoa series, crops out only in the Delaware basin area southeast 
of the Reef Escarpment, and no exposures of it are found in the reef 
zone. Its outcrops stand at the same elevation as the Capitan lime- 
stone on the escarpment, or lower. The relations appear to be conform- 
able where the contact between it and the underlying Bell Canyon for- 
mation of the Delaware Mountain group is exposed in the basin area. 
The thin-bedded sandstones and limestones of the one are succeeded 
without a break by the laminated anhydrites and calcitic limestones of 
the other. 

These relations have been a puzzle ever since the first work was 
done in the region. It was long supposed that the Castile either graded 
laterally into the Capitan northwest,° or that the Capitan was miss- 
ing asa result of pre-Castile erosion in the Castile area. The necessity 
for either interpretation disappeared, however, when it was found that 
most, if not all of the Capitan, graded southeastward into the Bell 
Canyon or upper formation of the Delaware Mountain group below 
the Castile (Fig. 2 A). 

The Capitan rises to a much greater height than the Delaware 
Mountain strata, and to the same height as the Castile. According to 
present interpretations, this is because it was a reef deposit, whose 
original depositional surface was irregular. It may therefore be that 
the Castile was conformable on the underlying beds of the Guadalupe 
series in the Delaware basin, but overlapped the higher-standing reefs 
of Guadalupe age along its edges. This inference is apparently con- 
firmed by subsurface studies, which indicate that in the reef and back- 
reef areas, the succeeding Salado formation lies directly on beds of the 
Guadalupe series (Fig. 2 A). 

These relations closely resemble those of the lower and middle for- 
mations of the Delaware Mountain group to the underlying Bone 
Spring limestone. In both the basal Ochoa and basal Guadalupe the 
lower of the two units is confined to the basin area, and the upper over- 
laps its margins. 

These general relations are well established, but certain detailed 
relations are as yet uncertain. The Lamar limestone member of the 
Bell Canyon formation, when traced into the reef zone at McKittrick 
Canyon, passes beneath the uppermost several hundred feet of Cap- 


40 C, L. Baker, “Contributions to the Stratigraphy of Eastern New Mexico,” 
Amer. Jour. Sci., 4th Ser., Vol. 49 (1920), pp. 116-17. 

141 G, B. Richardson, “Report of a Reconnaissance in Trans-Pecos Texas North 
of the Texas and Pacific Railway,” Univ. Texas Bull. 23 (1904), pp. 43-44- 
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itan and Carlsbad limestones, whereas in the Delaware Basin area only 
about 20 feet of sandstones separate it from the Castile. Greater thick- 
nesses of thin-bedded Carlsbad overlie the Capitan northeast of Mc- 
Kittrick Canyon, and it has been suggested that these include younger 
limestones than any at the canyon. This has given rise to the hypothe- 
sis that some of the highest thin-bedded limestones may be of Castile 
age. To the writer, it appears more likely that the highest limestones 
on the Reef Escarpment are only meagerly represented in the Dela- 
ware basin, and that their equivalents probably lie in the thin sand- 
stone bed that separates the Lamar member of the Bell Canyon from 
the Castile formation. 

Terminology.—As originally described by Richardson,'® the rocks 
now: included in the Ochoa series were placed in the Castile gypsum, 
the Rustler limestone, and a rather indefinite unit that was termed 
“the red beds of the Pecos valley.”’ The type localities of the first two 
were in the Gypsum Plain and Rustler Hills east of and down the dip 
from the Delaware Mountains (Fig. 3). Early descriptions of the series 
were based largely on surface exposures, but much more complete sec- 
tions, and a much better idea of the relations, have subsequently been 
obtained from drill records. 

As a result of drilling, it has been found that a great thickness of 
beds, which are an upward continuation of the Castile, are present be- 
neath the Pecos Valley, but are nearly all cut out on the outcrop to the 
west by the unconformity at the base of the Rustler formation. Like 
the Castile of the outcrops, they consist of evaporites, but in contrast 
to the rocks of the outcrops, which are largely anhydrite, they are 
predominantly halite. In subsurface work it has been common practice 
to recognize the anhydrites below and the halites above as separate 
formations. In many previous reports, these have been termed the 
lower and upper Castile,* but Lang has proposed to restrict the 
name Castile to the lower unit, and to call the upper unit the Salado 
formation. 

Although the two units show broad differences in lithologic charac- 
ter and geologic history, difficulties have arisen in giving them precise, 
workable definitions. In the Delaware basin, the dominantly anhy- 
drite-bearing beds grade both laterally and vertically into the domi- 


12 W. G. Blanchard and M. J. Davis, “Permian Stratigraphy and Structure of 
Parts of Southeastern New Mexico and Southwestern Texas,”’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 13 (1929), p. 985. 

143 G. B. Richardson, op. cit. (1904), pp. 43-45. 

144T. D. Cartwright, “Transverse Section of Permian Basin, West Texas and 
Southeast New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 14 (1930), p. 979. 


14a W, B. Lang, op. cit. (1935), p. 267. 
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nantly halite-bearing beds. In a discussion of the terms, Lang'® has 
recommended that, in the Delaware basin, the base of the Salado 
be placed at a horizon equivalent to the lowest bed that overlaps be- 
yond the basin, and there lies unconformably on the Guadalupe series. 
Thus, beyond the basin, all the beds formerly classed as part of the 
Castile would belong to the Salado formation. 

Castile formation.—The Castile, or lowest formation of the Ochoa 
series, crops out in the low, rolling Gypsum Plain east of the Delaware 
Mountains, and southeast of the Reef Escarpment. Its basal beds are 
exposed a few hundred yards south of U. S. Highway 62, where this 
highway leaves the eastern hills of the Delaware Mountains. Some of 
the higher beds of the Castile are splendidly exposed in new, deep road- 
cuts on the same highway farther northeast, not far beyond the Texas- 
New Mexico line (Fig. 3). 

The formation consists largely of anhydrite, which is marked 
throughout by thin, light and dark laminae, that may be varves.' 
These are best seen in well cores, but appear on all reasonably fresh 
exposures of the formation, even where it has largely altered to gyp- 
sum. The light-colored laminae are relatively pure anhydrite, but the 
darker are strongly bituminous, and in many places calcareous. The 
calcareous content increases downward, so that the basal few feet, al- 
though still characteristically laminated, consist more of calcitic lime- 
stone than of anhydrite. Limestones a few inches thick are interbedded 
at long intervals higher in the section, and appear in the road-cuts 
north of the Texas-New Mexico line previously mentioned. Drilling 
east of the outcrop shows the existence of several salt beds in the lower 
part of the formation (Fig. 2 A). Drill records also indicate that, near 
the center of the Delaware basin, the formation reaches a maximum 
thickness of somewhat more than 1,500 feet. 

Salado formation—The overlying Salado formation is poorly ex- 
posed in the Gypsum Plain east of the Delaware Mountains, but it 
may come to the surface here and there near the west edge of the Rus- 
tler Hills (Fig. 3). Most of it, however, is cut out in this region by the 
unconformity at the base of the overlying Rustler formation, and it 
reaches its full thickness only east of the outcrop. Kroenlein'’ sug- 
gested that the present western edge of the formation is not far from 
the original limits of the deposit. | 


45 W. B. Lang, “Salado Formation of the Permian Basin,’”’ Bull. Amer. Assoc. 
Petrol. Geol., Vol. 23 (1939), pp. 1569-72. 

46 First described by J. A. Udden in, “Laminated Anhydrite in Texas,” Bull. Geol. 
Soc. America, Vol. 35 (1924), pp. 347-54. 

47 G, A. Kroenlein, op. cit. (1939), p. 1688. 
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The Salado contains the thickest beds of halite in the west Texas 
Permian section, and to them the terms “upper” or ‘“‘main salt’’ have 
been applied in many of the older reports on the region. The Salado 
also contains numerous potash beds, some of which are being mined 
east of Carlsbad, New Mexico (D-II, Pl. 1). Layers of anhydrite, dolo- 
mitic limestone, and redbeds are interbedded. Some lamination is pres- 
ent which is perhaps comparable to that in the underlying anhydrite 
of the Castile, but no bituminous layers are present. As indicated by 
wells east of the outcrops, the maximum thickness of the formation in 
the Delaware basin is somewhat more than 2,000 feet, but it decreases 
to 1,000 feet or less in the shelf area, beyond the margins of the basin 
(Fig. 2 A). 

Rustler formation.—Overlying the Salado formation, in places un- 
conformably, is the Rustler formation, which crops out in the low 
Rustler Hills east of the Delaware Mountains (Fig. 3). On the outcrop, 
it consists of dolomitic limestone, with some sandstone and chert- 
pebble conglomerate at the base. The limestones contain a few poorly 
preserved fossils. Eastward in the Delaware basin and beneath the 
surface, the dolomitic limestone is overlain by anhydrite, redbeds, and 
halite, which constitute an upper member of the formation. Here, the 
maximum thickness of the formation is nearly 400 feet. The Rustler 
formation contains the highest evaporites in the section. Like the 
Salado, it was deposited both in the Delaware basin and the shelf areas 
beyond (Fig. 2 A). 

Beds above the Rustler.—Overlying the Rustler formation in the 
Delaware basin and the shelf area to the north is a small thickness of 
redbeds, for which Lang™* has proposed the name Pierce Canyon red- 
beds. These redbeds were originally assigned to the Permian, but in a 
subsequent paper,'*® were transferred to the Triassic because they 
were found to be conformable with the overlying Triassic rocks. How- 
ever, according to Page and Adams,"° some redbeds in the Midland 
basin farther east, for which they propose the name Dewey Lake for- 
mation, are comformable on the Rustler formation and unconformable 
with the beds above; hence, they are probably Permian in age. 
Whether these redbeds extend westward to the outcrops near the 
Pecos River is uncertain, but it is possible that both the Dewey Lake 


48 W. B. Lang, “Upper Permian Formation of Delaware Basin of Texas and 
New Mexico,”’ Bu'l. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), p. 264. 


49 , “The Permian Formations of the Pecos Valley of New Mexico and 
Texas,”’ ibid., Vol. 21 (1937), footnote 38, p. 876. 


160 L, R. Page and J. E. Adams, op. cit. (1940), pp. 62-63. 
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and Pierce Canyon formations may be represented in the redbeds of 
that area.!! 
FOSSILS 


The only fossils known from the Ochoa series in the Guadalupe 
Mountains region are a few pelecypods and plant remains that were 
collected from the Rustler formation by Richardson. These are too 
poorly preserved to afford much information as to their age. Life was 
not entirely absent during other parts of the epoch, however, as the 
bituminous material in the dark laminae of the Castile formation was 
derived from organisms. These may either have lived on the surface of 
the Castile sea, or in areas more favorable to life farther south. Al- 
though the rich Permian marine fauna disappeared from the region at 
the end of Guadalupe time, it may leave continued to exist elsewhere 
during Ochoa time, where conditions remained favorable. 


CHAPTER THREE 


SEDIMENTATION AND TECTONICS IN GUADALUPE 
REGION 


INTRODUCTION 
PURPOSE OF CHAPTER 


This chapter deals with one phase of the problem of Permian sedi- 
mentation, the relation of facies to local environment, and the causes 
of the resulting patterns. The thesis is developed that local environ- 
mental differences arose largely from differences in depth of the sea 
floor. The irregularities on the floor are believed, in final analysis, to 
be of tectonic origin, although many of them are more directly of 
erosional or depositional origin. 


11 The Dewey Lake formation crops out at several places in Eddy County, New 
Mexico, east of the Pecos River. More than 450 feet of Dewey Lake redbeds are present 
in the Halfway pool, Lea County, New Mexico, 30 miles east-northeast of Carlsbad. 
These occur in the subsurface between the approximate depths of 400 and 870 feet. The 
upper part of the same section crops out in the northern part of T. 21 S., R. 30 E., 
Eddy County, 20 miles east by north of Carlsbad. The contact with overlying Triassic 
beds can be seen in Sec. 5 of that township.—Editorial note by Ronald K. DeFord, 
August 1, 1941. 

182 G, B. Richardson, op. cit. (1904), pp. 44-45. Cretaceous Foraminifera were re- 
ported by J. A. Udden, “‘Age of Castile Gypsum and Rustler Springs Formations,” A mer. 
Jour. Sct., 4th Ser., Vol. 40 (1915), pp. 151-56, in well cuttings from the Castile forma- 
tion. Later, however, after he obtained further information, he concluded that they 
were in younger cavern deposits: ‘Some Cavern Deposits in the Permian of West 
Texas,” Bull. Geol. Soc. America, Vol. 33 (1922), pp. 153-55. 
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Discussion in the chapter is restricted to the Guadalupe Mountains 
and the region roundabout, in which the sequence is exposed that has 
been described in Chapter Two. Possible application of the principles 
to areas beyond the Guadalupe Mountains region is not discussed. 
Little attention is given to general conditions of Permian time that 
were influencing sedimentation, such as climate, disposition of lands 
and seas, and sources of clastic sediments. Such features are of regional 
character and are taken up in Chapter Six. 


TECTONICS OF GUADALUPE MOUNTAINS REGION 


In the Guadalupe Mountains region, the large, obvious tectonic 
features that have shaped the modern landscape developed in Ceno- 
zoic time, but these are superimposed on older features which were 
developed during several times. Some of the older features were of 
early Mesozoic age, and are indicated by the relations of the Creta- 
ceous to the Permian rocks. Others, the main subject of this discussion, 
are found in the Permian rocks themselves, and are believed to have 
formed during Permian time. Still others, of late Paleozoic but pre- 
Permian age, are found in the Pennsylvanian and older rocks that lie 
unconformably below the Wolfcamp series. Lastly, many features are 
of pre-Cambrian age. They are not directly related to this discussion 
and have been described in another paper.'** 

The tectonic features of Cenozoic, early Mesozoic, Permian, and 
late Paleozoic (pre-Wolfcamp) ages are indicated on the accompanying 
maps (Figs. 8-11). The maps are of several types. On the Cenozoic 
and Permian maps (Figs. 8 and 10), features are plotted which are 
considered to be of those ages, but on the early Mesozoic and pre- 
Wolfcamp maps (Figs. 9 and 11), features can only be suggested by 
plotting the paleogeology of the surface on which succeeding beds 
were laid down unconformably. Each map necessarily contains some 
features that arose from still older movements. Thus, the form lines on 
the Cenozoic map (Fig. 8) reflect some features that developed during 
early Mesozoic or Permian time, and the paleogeology of the early 
Mesozoic map (Fig. 9) was influenced partly by the laying bare of 
features that are of Permian age or older. 

Study of the maps reveals some interesting comparisons between 
the tectonic features of different ages. Some features that appeared 
early continued in modified form in later periods. Thus, the present 
Sierra Diablo appears to have been positive through much of its his- 
tory. Its south part was the area of greatest uplift during the pre- 


53 P. B. King, “Older Rocks of Van Horn Region, Texas,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 24 (1940), pp. 143-56. 
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Wolfcamp deformation. Here, the pre-Cambrian was laid bare by 
erosion at the beginning of Wolfcamp time (Fig. 11), as well as later 
on at the beginning of the Cretaceous (Fig. 9). During Permian time, 
the present Sierra Diablo formed a part of the Diablo platform (Fig. 
10), which was the shelf area on the southwest side of the Delaware 
basin. In Cenozoic time, the area was again raised by block faulting 
(Fig. 8). 

On the northeast flank of the pre-Wolfcamp uplift in the Sierra 
Diablo were faults and north-northeast-dipping flexures trending west- 
northwest. In Permian time, this trend was followed again by flexures 
and reef zones that formed the boundary between the Diablo platform 
and the Delaware basin (Fig. 10). In Cenozoic time, movements took 
place once more, and resulted in a prominent system of west-north- 
west-trending faults (Fig. 8). 

In contrast to the Diablo platform, or shelf area southwest of the 
Delaware basin, the shelf area northwest of it did not become positive 
until Permian time, when it was outlined by the Bone Spring flexure 
and Capitan reef zone (Fig. 10). It is reflected in the paleogeology of 
early Mesozoic time (Fig. 9), and in the form of the Cenozoic uplifts 
(Fig. 8). Either movements were renewed on it during Mesozoic and 
Cenozoic time, or the original feature was strong enough to influence 
the structure shown on the later maps (Figs. 10 and 11). The last 
feature to appear on the maps is the north-northwest system of faults 
which formed in Cenozioc time along the edge of the Salt Basin, and 
cut cleanly across all the older features (Fig. 8). 

The tectonic features of Permian time in the Guadalupe Mountains 
region, as shown on the map (Fig. 10), include a large area of subsi- 
dence, the Delaware basin, flanked by areas of less subsidence, or 
shelves. These probably developed gradually during the period. In 
addition, the older Permian rocks near the margins of the basin con- 
tain monoclinal flexures that seem to have developed during shorter 
intervals of time, and the younger Permian rocks of the marginal areas 
contain reef zones which may be somehow related to the tectonic fea- 
tures. 


BASIN AND SHELF AREAS 
GENERAL FEATURES 


The Delaware basin occupied a wide tract of country in the West 
Texas region. Its greater part now lies beneath the plains east of the 
mountains, but its northwest part extends into the Guadalupe Moun- 
tains region. Rocks laid down in it now form the Delaware Mountains, 
or central part of the upheaved crustal segment east of the Salt Basin 
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(Fig. 10). The western end of the Delaware basin is probably down- 
faulted, and buried beneath the Cenozoic deposits of the present Salt 
Basin. Rocks laid down in the shelf areas form the northern and south- 
ern parts of the same upheaved crustal segment, or Guadalupe and 
Apache mountains, as well as the Sierra Diablo on the west. 

The Delaware basin received a different set of deposts fromthat laid 
down in the shelf areas (Fig. 2 A). At first, the predominant deposit of 
the basin was black limestone and shale, later sandstone, and still 
later anhydrite. While the black limestone and shale and the sandstone 
were being deposited in the basin, other sorts of limestone were being 
deposited on the near-by shelves. These differences are apparently re- 
lated to the greater subsidence of the basin than the subsidence of the 
surrounding areas, so that the basin is not only a sedimentary but a 
tectonic feature. Subsidence probably went on through the greater 
part of the Permian period, although perhaps at varying rates. More- 
over, the interaction of subsidence with the other factors that were 
influencing Permian sedimentation was not always the same, so that 
varied stratigraphic features are found in different parts of the section. 


THICKNESSES OF SEDIMENTS 


That the Delaware basin subsided more than surrounding areas 
is suggested by the much greater thickness of Permian sediments laid 
down there (Fig. 2 A). The total thickness of the sediments of this age 
at any one place is not known, because no complete sections have been 
measured on the outcrop, or have been penetrated in any single well. 
However, partial sections exist, which include one or more of the series. 

Thus, the Wolfcamp and Leonard series in Anderson-Prichard’s 
Borders well No. 1 in the Delaware Mountains have a combined thick- 
ness of about 4,500 feet (section G, Fig. 5). The Guadalupe series in 
The Pure Oil Company’s Quaid well No. 1 and the Niehaus e¢ al. Cald- 
well well No. 1 east of the Delaware Mountains is about 3,500 feet 
thick (section P, Fig. 7). The Ochoa series in the Pinal Dome Oil 
Company’s Means well No. 1 (well 20, D-III, Pl. 1), and others near 
the Pecos River is about 4,200 feet thick."* Taken together, these sug- 
gest that the Permian rocks, including the Wolfcamp series of Permian 
(?) age, fill the basin to a depth of more than 12,000 feet. By contrast, 
in the shelf area north of the basin, as shown by outcrops and well 


14 Note that the thickness of this well may not be accurate because of possible 
faulting (footnote on p. 567). However, in the Midland basin on the east, where many 
wells have been drilled through the two series, their thicknesses are comparable with 
the figure given. 

155 W. B. Lang, “Upper Permian Formations of Delaware Basin of Texas and New 
Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), pp. 262-69. 
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sections, the thickness of equivalent beds is 7,000 feet or less. 

Thinning of beds away from the basin was caused by greater sub- 
sidence of the basin, which kept its floor below the base-level of deposi- 
tion. The basin could thus entrap greater thicknesses of sediments per- 
manently than the areas of shallow water on the shelves. Such 
thinning was accomplished in many parts of the section by tapering of 
individual beds (Fig. 2 A). In the Salado formation, such relations 
have been worked out in detail by subsurface studies.” Parts of the 
thinning are also caused by the overlapping and wedging-out of 
masses of strata at the margins of the basin along unconformities be- 
tween each of the four series. In this manner, at one place or another 
along the margins of the basin, part of the Bone Spring, and all of the 
Brushy Canyon and Castile formations disappear by overlap. 

Because of the thinning of beds away from the basin, there is a 
steady increase toward it of the thicknesses between all marker beds in 
the section. This fact is of some significance in subsurface work. More- 
over, each act of subsidence bent down both the sea floor and all the 
beds beneath it. The beds thus acquired a dip toward the basin. This 
is greatest in the older rocks, which shared all later acts of subsidence 
(Fig. 2 A). 

In the middle and upper parts of the Guadalupe series, relations 
are more complicated. The reef masses (Goat Seep and Capitan lime- 
stones) that grew along the margins of the basin are thicker than 
equivalent beds in both the basin and shelf areas (Fig. 2 A). More- 
over the Bell Canyon formation, or upper part of the series in the basin 
is apparently thinner than equivalent beds of the shelf area, thus re- 
versing the usual relations. Perhaps the reef masses of middle and 
upper Guadalupe time formed such an effective barrier that washing 
of sediments into the basin was retarded. 


DEPTH OF WATER 


Throughout Permian time, the Delaware basin appears to have 
been covered by deeper water than the adjacent shelf areas. Such rela- 
tions account for many of the great contrasts in facies between the de- 
posits of the two areas. Deeper water in the basin than in the shelf 
areas was apparently caused by the failure of sedimentation to keep 
pace with subsidence. 


186 See, for example, the wells shown by H. P. Bybee et al., “Detailed Cross Section 
from Yates Area, Pecos County, Texas, into Southeastern New Mexico,”’ zbid., Vol. 15 
(1931), Pl. 2, p. 1088. 


87 G. A. Kroenlein, “Salt, Potash, and Anhydrite in Castile Formation of South- 
east New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), Figs. 2 and 1 3, pp. 
1685 and 1687. 
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During most of Permian time, the waters of the shelf areas were 
shallow. This is suggested by the overlaps and unconformities that 
occur there, and in parts of the series by the deposition of evaporites, 
redbeds, and other deposits a short distance beyond the edge of the 
basin. Moreover, the limestones laid down in the shelf areas are nearly 
all light-colored and lack organic matter, even where the rock is full 
of fossils. This indicates that the water was agitated and aerated 
enough to allow such matter to decay quickly. Most of the limestones 
of the shelf areas are also dolomitic. Twenhofel'®® has plausibly sug- 
gested that dolomitization is most likely to take place where the newly 
deposited sediments stand for considerable periods near the base-level 
of deposition. Dolomitization of limestones may therefore, in these 
rocks at least, suggest shallow-water conditions. 

The conclusion that the water of the basin was deep depends mainly 
on the inference that quiet-water conditions (proved in many of the 
basin deposits) also mean deep water. Such an inference is not always 
justified, because areas of shallow water could conceivably also be 
quiet. In West Texas, however, quiet-water conditions during Permian 
time are indicated only in the basin, and not in the shallow water of 
the shelf areas. Moreover, in parts of the system, structural relations 
at the margins of the basin indicate that the basin floor stood much 
lower than the adjacent shelf areas at the time of deposition. In the 
West Texas Permian, quiet water appears to be a function of depth. 

The black limestones and shales of the Bone Spring deposited in 
the basin during Leonard time, were quiet-water deposits. They con- 
tain much organic matter apparently because decay was not active 
owing to poor circulation of the water.» The limestones of the basin 
are calcitic, rather than dolomitic. In their high organic content and 
their lack of dolomite, they contrast greatly with limestones of the 
same age in the shelf areas. 

Similar conditions are suggested by the Bone Spring faunas. The 
fauna of the black limestone is meager, especially in bottom-dwelling 
types, although ammonoids are abundant in places. The latter appear 
to have been floating organisms, whose shells sank to the bottom after 
death. In many ammonoids in the black limestone, the fragile living 
chamber is:still intact, as though they settled into quiet water. An 


188 W. H. Twenhofel, Treatise on Sedimentation, 2d ed. (1932), p. 348. 

469 W. H. Twenhofel, of. cit. (1932), pp. 264-65. See also W. H. Twenhofel, “En- 
vironments of Origin of Black Shales,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1930), 
pp. 1178-98. 

160 A. K. Miller and W. M. Furnish, “Paleoecology of the Paleozoic Cephalopods,” 
Report of Committee on Paleoecology, National Research Council (1937), p. 58. 
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abundance of ammonoids is also notable in basin deposits higher in the 
section. In marginal deposits they are generally rare or absent, as 
though the shells tended to be destroyed by agitation of the water. 
Those that remain in the marginal areas lack the living chamber, and 
even other parts of the original shell. By contrast, the nautiloids, 
whose shells were of stronger construction, are found in both areas. 
Detailed discussion of the rest of the faunas of the basin and marginal 
areas is impossible in limited space, nor are the causes of all the differ- 
ences between them definitely known. Fusulinids and certain groups 
of brachiopods increase greatly in numbers in the Bone Spring de- 
posits of the marginal areas. 

In the early part of Guadalupe time, during the deposition of the 
Brushy Canyon formation, water in the basin was much more agi- 
tated than before, and hence probably shallower. Ripple marking and 
channeling of the sandstones is common, as well as parallel orientation 
of fusulinid tests. Other fossil shells are mostly broken and abraded. 
Similar conditions continued during the early part of the deposition of 
the Cherry Canyon formation, in which similar features are found. The 
rich fauna of the pre-Getaway beds and the Getaway member consists 
mostly of bottom-dwellers, and probably also indicates an environ- 
ment of agitated water. 

A gradual return to quiet-water conditions in the basin took place 
later in Guadalupe time. The limestone members in the basin area 
from the South Wells member to the Lamar member are all black and 
have high organic content. They contrast greatly with the light- 
colored reef limestones of the same age in the marginal areas, many of 
which are dolomitic. The faunas of the limestone members in the basin 
have the same paucity of bottom-dwellers, except close to the reef 
zone, and the same abundance of ammonoids as does the fauna of the 
limestones of the Bone Spring. Individual beds are widely spread and 
not lenticular. Ripple marking and channeling become increasingly 
rare upward. That the quiet-water conditions during this time also 
meant deep water is proved by the structure of the reef masses, es- 
pecially in the Capitan, along the margins of the basin. This structure 
indicates that the reef beds rose high above equivalent beds in the 
basin. 

Deep water probably filled the basin during the early part of 
Ochoa time, as a continuation of the conditions during the closing 
stages of the preceding epoch. Possibly the laminations in the anhy- 
drite of the Castile formation, or basal deposit of the Ochoa, could 
only have formed in deep water. At any rate, laminations are poorly 
developed in the overlying Salado formation, which was probably 
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deposited in shallower water, after the basin had been largely filled. 

The tendency of sedimentation not to keep pace with subsidence 
in the basin area suggests that sedimentation and subsidence were in- 
dependent processes. If so, the basin did not subside because it was 
loaded with sediments, although isostatic adjustments due to loading 
might have helped accentuate the process. Sedimentation seems to 
have gone on passively, filling up the hollows created for it by tec- 
tonic processes, and when sufficient material was not washed in, the 
hollows were not entirely filled. 


UNCONFORMITIES AND OVERLAPS 


In the shelf areas, prominent unconformities occur between the 
Wolfcamp, Leonard, Guadalupe, and Ochoa series, and are accompa- 
nied along the margins of the basin by overlap of the succeeding beds 
on the unconformable surface. All the unconformities have features 
in common, as though they originated from similar sets of conditions. 

In the basin areas, each series appears to be conformable with the 
others, although marked changes in sedimentation take place at the 
contact. The sandstones of the Delaware Mountain group in the 
Guadalupe series thus contrast strongly with the black limestones of 
the Leonard series below and the anhydrites of the Ochoa series above. 
Along the margins, where the beds slope up out of the basin, the un- 
conformities are very prominent. The surfaces below the Leonard and 
the Guadalupe series are deeply eroded at such places, and at the 
base of the Guadalupe series, conglomerate is locally present. In the 
Leonard, Guadalupe, and Ochoa series, marked overlap of beds takes 
place (Fig. 2 A). Although the unconformities are prominent in the 
marginal areas, the time hiatus for each is probably small. 

In the shelf areas, the hiatus for each unconformity is much greater 
in the marginal area, as considerable thicknesses of beds at the base 
of each succeeding series have passed out by overlap. The unconformi- 
ties are, however, far less evident than in the marginal area. The beds 
underlying each unconformity are only slightly eroded, and very few 
of them are missing, even where they are of such poorly resistant ma- 
terial as the Cutoff shaly member of the Bone Spring, or evaporite beds 
of the Three Twins member of the Chalk Bluff. Moreover, beds above 
and below each unconformity are likely to be of essentially the same 
facies, as though the same environment of deposition was repeated, 
even after a lapse of time. Thus, in the shelf areas, dolomitic lime- 
stones of the Victorio Peak lie on similar beds of the Hueco along the 
Leonard-Wolfcamp unconformity; dolomitic limestones of the Goat 
Seep lie on similar beds of the Bone Spring along the Guadalupe-Leon- 
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ard unconformity; and evaporites of the Salado lie on similar beds of 
the Chalk Bluff along the Ochoa-Guadalupe unconformity. Such rela- 
tions make the unconformities difficult to detect in the field, and even 
more so in subsurface work. 

These relations suggest a rather special set of causes for the uncon- 
formities. The lack of erosion of the underlying beds in the shelf areas 
suggests that, although they were emergent, they rose only slightly 
above sea-level, and were perhaps not actively uplifted. The marked 
overlap of succeeding beds along the margins of the basin might sug- 
gest that subsidence of the basin was accelerated at such times. How- 
ever, both at the end of Leonard and of Guadalupe time, the basin 
seems already to have been deep, and the succeeding beds seem merely 
to fill a depression already created for them. The basal beds of the 
Guadalupe series also appear to have been deposited in shallower wa- 
ter than those of the Leonard series, or the reverse of what would be 
expected if subsidence had been accelerated. 

The unconformities thus appear to have been caused by wide- 
spread withdrawals of the sea, that affected basins and shelves alike. 
Perhaps such withdrawals resulted from uplift of a large segment of 
the continent, or perhaps sea-level was lowered by eustatic changes, 
similar to those which took place during the Pleistocene glacial epoch. 


MONOCLINAL FLEXURES 
GENERAL FEATURES 


In the Guadalupe Mountains region, the older Permian rocks, and 
especially the Leonard series, contain a number of monoclinal flexures. 
Two of them, the Babb and Victorio flexures, lie in the Sierra Diablo, 
and one, the Bone Spring flexure, lies in the Guadalupe Mountains 
(Fig. 10). 

These flexures are near the margins of the Delaware basin, as 
outlined by its characteristic deposits. They are bent down toward 
the basin, and trend parallel to its margins. Those in the Sierra Diablo 
trend west-northwest, and lie between the basin and the Diablo plat- 
form on the southwest. That in the Guadalupe Mountains trends 
northeast, and lies between the basin and the shelf area on the north- 
west. All three of the flexures are interpreted as features of tectonic 
origin. Movement on them was not recent, however, for the two in 
the Sierra Diablo are beveled and overlain unconformably by the 
Cretaceous. Also, on all three flexures, unconformities and overlaps 
occur in the Permian rocks, as though the flexures were in existence 
during that time. In some of the beds, marked changes in facies take 
place across them. 
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The flexures appear to be minor features related to the subsidence 
of the Delaware basin, and perhaps arose from time to time along local 
zones of weakness. Near them, the Delaware basin did not taper 
gradually toward its edges, but ended rather abruptly. The flexures, 
and the older Permian rocks which contain them, are exposed in rela- 
tively small areas; elsewhere they are generally concealed. The evi- 
dence is, therefore, not sufficient for one to assume that such features 
occur everywhere along the margins of the basin. The exposures are, 
however, a sample of what might be expected elsewhere, and it is pos- 
sible that similar flexures lie parallel with the margins at other places, 
standing either haphazardly or en échelon. 

The stratigraphic and tectonic features on the three flexures are 
very complex, and space does not permit detailed descriptions. Some 
details are indicated, however, on the panoramas and cross sections 
that accompany this paper (Figs. 12, 13, and 14). 


LOCATION AND DEFINITION 


The Victorio flexure is named for Victorio Peak, the same point on 
the Sierra Diablo escarpment that gives its name to one of the mem- 
bers of the Bone Spring limestone (Fig. 4). The flexure is prominently 
exposed on the escarpment south of the peak, where it can be seen 
from State Highway 54 (Fig. 12 A). From this point it has been traced 
west-northwest into the Sierra Diablo and east-southeast into the 
Baylor Mountains, a total distance of 21 miles. 

The Babb flexure lies about 12 miles north of the Victorio flexure, 
and appears to stand en échelon with it, being offset somewhat toward 
the west (Fig. 10). It is named for the old Babb Ranch at the north end 
of the Sierra Diablo east of Sierra Prieta (Fig. 4). It is prominently ex- 
posed on the escarpment west of the ranch, and has been traced west- 
northwest for 10 miles, past the north side of Sierra Prieta. It may 
also extend east-southeast for nearly the same distance, to the mouth 
of Apache Canyon, but its course here is obscured by a complex zone 
of Cenozoic faulting of the same trend and position. 

The Bone Spring flexure in the Guadalupe Mountains to the north 
is named for Bone Spring, near the west base of Guadalupe Peak (Fig. 
3).'® It is exposed only on the west-facing escarpment (Fig. 14 A), or 
for a distance of but a few miles, and passes beneath younger rocks at 
either end. The escarpment trends northward in this vicinity, and the 
flexure extends diagonally across it in a northeastward direction (Fig. 


10). 


161 See footnote 83 on p. 587. 
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TECTONIC FEATURES 


Dimensions.—The flexures are each one or two miles wide. On 
them, the dips average 10°, but may reach 15°. Beyond the upper and 
lower edges, the beds flatten. Interpretation of the structure on the 
flexures is complicated by the irregular bedding of some of the units. 
Some evenly bedded units extend across them, however, such as the 
Hueco on the Victorio flexure (Fig.12, B and C), and the Victorio Peak 
on the Babb flexure (west of Babb Ranch, not figured). The displace- 
ment on the flexures, as determined by the difference in height of the 
evenly bedded units at the upper and lower ends, is 1,700 feet on the 
Victorio flexure and 1,000 feet on the Babb flexure. The displacement 
can not be as easily determined on the Bone Spring flexure, because all 
the exposed rocks are irregularly bedded. However, the Victorio Peak 
gray member of the Bone Spring limestone at the upper end appears 
to be of the same age as the uppermost black limestone at the lower 
end, which stands 1,500 feet lower (Fig. 14 B). 

Relation to faults and joints——As indicated by the tectonic maps 
(Figs. 8 and 10), the Babb and Victorio flexures are parallel with the 
system of west-northwest-trending faults in the Sierra Diablo. Fault- 
ing on this trend was recurrent, and took place not only during the 
Cenozoic, but also in early Mesozoic time (Fig. 9),and in late Paleozoic 
(pre-Wolfcamp) time (Fig. 11). One of the faults of this trend is also 
known to have moved in pre-Bliss (Ordovician) and post-Van Horn 
(pre-Cambrian or Cambrian) time.!” The most abundant joints in the 
Sierra Diablo also trend west-northwest. 

West-northwest-trending faults of Cenozoic age also bound the 
north side of the Apache Mountains, across the Salt Basin east of the 
Sierra Diablo (Fig. 8). This range is formed partly by a zone of reef 
limestone of Capitan age, which trends in the same direction (Fig. 10). 

The Bone Spring flexure in the Guadalupe Mountains does -not 
have the same close relation to other tectonic features as the other 
two flexures. No faults or joints lie parallel with it. Instead, the 
dominant ones trend north-northwest, parallel with the axis of up- 
heaval of the range, and diverge from the trend of the flexure at a wide 
angle. 

PRE-WOLFCAMP FEATURES 


Tectonic features.—Little is known of the substructure of the Bone 
Spring and Babb flexures, because the Wolfcamp series and older 
rocks are concealed on the first, and are not widely exposed on the 
second. On the Victorio flexure, wider exposures of the Wolfcamp and 


162 P, B. King, op. cit. (1940), p. 153. 


PERMIAN OF WEST TEXAS AND NEW MEXICO 629 


pre-Wolfcamp rocks are present. The latter include the Hazel sand- 
stone (pre-Cambrian) and the El Paso and Montoya limestones 
(Ordovician). Inferences regarding the substructure can also be ob- 
tained from a study of the paleogeologic map of the pre-Wolfcamp 
surface (Fig. 11). 

This map suggests that before Wolfcamp time the Pennsylvanian 
and older rocks in the vicinity of the present Sierra Diablo dipped gen- 
erally north-northeastward, or in the same direction as the Permian 
rocks of the Babb and Victorio flexures. The flexures themselves ap- 
pear to lie over belts of Silurian and Ordovician rocks that strike 
west-northwest and dip north-northeast. In most places, the angular 
discordance between the Wolfcamp series and the older rocks is small. 
There is a large discordance at one place on the Victorio flexure, how- 
ever, where the Montoya limestone js exposed as an inlier in Victorio 
Canyon (Fig. 12 C). Here, the Montoya dips 70° N.-NE., whereas the 
overlying Hueco (of the Wolfcamp series) dips 10° in the same direc- 
tion. 

On the Victorio flexure, the older rocks were not only deformed 
before Wolfcamp time, but share the same bending as that seen in the 
Wolfcamp and younger rocks. Their upper surface descends north- 
eastward across the flexure (Fig. 12 B). 

Near the Bone Spring flexure in the Guadalupe Mountains, the 
nature of the pre-Wolfcamp tectonic features is unknown. In the two 
deep wells in this vicinity, the Wolfcamp series lies on the Pennsylva- 
nian (Fig. rr), and it may be that there is little discordance between 
them. 

Buried hills——The older limestones, whose strike is followed by 
the Babb and Victorio flexures, were eroded into an irregular topogra- 
phy before the Wolfcamp series was laid down. Exposures are not 
extensive enough to tell much about the character of the topography, 
but the limestones may have risen as cuestas or hogbacks. The inlier 
of Montoya limestone on the Victorio flexure projects into the overly- 
ing Hueco limestone as a steep-sided hill (Fig. 12 C). At the upper end 
of the flexure in the Baylor Mountains on the east, the El Paso lime- 
stone also projects as hills into the Hueco (Fig. 6 A-and B). The 
Hueco overlaps their sides, and in places is missing from their tops, 
partly by overlap, and partly by pre-Bone Spring erosion. At such 
places, the Bone Spring lies directly on the older rocks (Fig. 6 B). 


FEATURES IN WOLFCAMP SERIES 


The Wolfcamp series, represented by the Hueco limestone, is well 
exposed on the Victorio flexure, but in the Babb flexure it comes to the 
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surface only at the upper end. It is concealed on the Bone Spring flex- 
ure. Where traced across the Victorio flexure, the Hueco limestone 
does not show any notable changes in facies; this feature apparently 
was not in existence early enough to influence its deposition. On both 
the Victorio and Babb flexures, however, the Hueco is strikingly un- 
conformable with the Bone Spring limestone of the succeeding Leon- 
ard series (Figs. 6 C and 13 B). Apparently the earliest deformation 
took place immediately after deposition of the Hueco. 

The unconformity is best exposed in Apache Canyon (Fig. 4), 
which has cut a deep trench in the Hueco and Bone Spring limestones 
south of the Babb flexure. The mouth of the canyon is near the fault 
zone which appears to follow the east-southeast extension of the flex- 
ure. At the mouth of the canyon, and probably near the upper end 
of the flexure, the Bone Spring limestone is separated from the Silurian 
by only a few hundred feet of Hueco limestone (Fig. 13 B). South- 
westward up the canyon, and farther away from the flexure, the Hueco 
is more than 750 feet thick. Most of the thickening is accomplished 
by beds coming in below the unconformity at the base of the Bone 
Spring. These belong to the Hueco limestone, but are younger than 
any beds of that formation at the mouth of the canyon. The beds of 
the Hueco lie nearly flat, and the surface of the unconformity rises 
up the canyon as a sort of buried escarpment. Evidently the deep 
erosion of the Hueco at the mouth of the canyon is related to the Babb 
flexure, and indicates that movement took place on it between Wolf- 
camp and Leonard deposition (Fig. 13 C). 


FEATURES IN LEONARD SERIES 


In contrast to the Wolfcamp series, the Leonard series on all three 
flexures contains many complex stratigraphic features. The different 
facies developed in the series appear to have a geometric relation to 
the flexures. 

Early Bone Spring features—Along the escarpments of the Sierra 
Diablo, that part of the Bone Spring limestone below the Victorio 
Peak gray member consists of black limestone. Toward the Babb and 
Victorio flexures, the black limestones interfinger with and are re- 
placed by lenticular masses of reef limestone. From Apache Canyon, 
at the upper end of the Babb flexure, the reefs may be traced east- 
southeast along the mountain side to Marble Canyon (Fig. 4), where 
they bend abruptly southwestward and disappear under younger rocks 
(Fig. 10). They reappear farther south in Victorio Canyon, on the 
Victorio flexure, and extend east-southeast along it past Victorio Peak 
and into the northern Baylor Mountains. 
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At the upper end of the Babb flexure, as seen in Apache Canyon, 
the reef masses grew along the sloping, eroded surface of the underly- 
ing Hueco limestone, and their upper edges overlap against it (Fig. 
13 B). On the Victorio flexure, the upper edges of the reefs are cut off 
by erosion, so that their original relation to the Hueco at the upper 
end of the flexure is unknown. Here, however, the reefs are interbed- 
ded with limestone pebble conglomerate (Fig. 12, B and C), suggesting 
that during their deposition the Hueco limestone at the upper end of 
the flexure lay within reach of submarine or subaerial erosion. 

As already indicated (pp. 620-621), the black Jimestones appear to 
have been deposited in quiet, and perhaps relatively deep water. The 
reef limestones near the flexures as shown by their overlap relations 
and interbedded pebble conglomerates, were deposited in shallower 
water than the black limestones. The differences in depth near the 
flexures were apparently brought about by the movements at the close 
of Wolfcamp time. 

Late Bone Spring features.—On the Babb and Victorio flexures, the 
stratigraphic changes in the upper part of the Bone Spring limestone 
are less striking than in the lower part. Away from the lower end of 
each flexure, the lower part of the Victorio Peak gray member changes 
into black limestone, but on the Babb flexure, near the Babb Ranch 
west of Apache Canyon, the upper part of the member extends en- 
tirely across the fold, and changes from thin-bedded, dolomitic lime- 
stone at the upper end of the fold to thick-bedded, calcitic limestone at 
the lower end. 

On the Bone Spring flexure, the Victorio Peak gray member of the 
Bone Spring formation is present only at the upper end (Fig. 14 B). 
Southeastward, it apparently changes into black limestones which 
form the upper part of the formation below the Cutoff shaly member 
at the lower end of the flexure. Gradation of the lower part of the 
Victorio Peak gray member into black limestone can be seen near 
Bone Spring, but in this vicinity the upper part has been removed 
by pre-Guadalupe erosion, so that its relations can only be inferred. 

Relations in this vicinity are complicated by numerous local un- 
conformities in the Bone Spring limestone which are not present be- 
yond the upper and lower ends of the flexure. The unconformities are 
most prominent in the black limestones of Victorio Peak age and 
older.! They divide the limestone into numerous wedge-shaped and 


163 First described by C. L. Baker, ‘Contributions to the Stratigraphy of Eastern 
New Mexico,” Amer. Jour. Sci., 4th Ser., Vol. 49 (1920), p. 113, who considered them 
to be of tectonic origin. They were described later by N. H. Darton and J. B. Reeside, 
“Guadalupe Group,” Bull. Geol. Soc. America, Vol. 37 (1926), p. 423 and Pl. 14, and 
other authors, who interpreted them as sedimentary features. 
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basin-shaped masses of variously inclined strata (Fig. 14 B), so that 
the whole mass takes on the form of a gigantic sort of cross-bedding. 
Unconformities are also present in the Victorio Peak gray member, 
and this member is itself overlain unconformably by remnants of 
shales and limestones that probably belong to the Cutoff shaly mem- 
ber. South of Bone Spring, conglomerates are interbedded here and 
there in the black limestone, which contain fragments of gray Victorio 
Peak limestone. 

Along the outcrop south of the Bone Spring flexure, the uppermost 
black limestones are in many places contorted, faulted, and slicken- 
sided on a small scale, apparently as a result of subaqueous gliding 
shortly after deposition. Such contorted beds are well exposed in 
Brushy Canyon, and in a small canyon traversed by the pipe lines, a 
short distance north of U. S. Highway 62. 

Taken together, these features seem to indicate that the Bone 
Spring flexure was in existence during later Leonard time, and that 
the upper beds of the Bone Spring were deposited in deeper water 
southeast of it than northwest of it. Such differences are suggested by 
‘the black limestones of the one area and the gravy limestones of the 
other (pp. 620-621). Beds deposited on the flexure itself were evidently 
laid down within reach of marine erosion, so that from time to time, 
parts of them were swept away. The surface on which they were laid 
down was perhaps unstable, so that subaqueous gliding of sediments 
took place toward the deeper-lying sea bottom on the southeast, and 
caused the contortion of the beds laid down there. 

The differences in depth near the flexure during later Leonard time 
might have resulted in several ways. Deposition might have built 
up the surface northwest of the flexure to a greater height than that on 
the southeast. Such an origin is, in fact, suggested by published cross 
sections,'* in which the Victorio Peak is represented as ending south- 
eastward along a buried escarpment face, and as having no equivalents 
beyond. Equivalents of the member, however, are here interpreted as 
being present to the southeast at a much lower altitude (Fig. 14 B). 
Moreover, the available evidence suggests that the Bone Spring lime- 
stone thickens southeastward, or toward the Delaware basin, rather 
than away from it (Fig. 2 A). 

It seems more likely that the differences in depth near the Bone 
Spring flexure in later Leonard time were either inherited from differ- 
ences caused by movements toward the close of Wolfcamp time, such 


164 N. H. Darton and J. B. Reeside, of. cit. (1926), Fig. 3 A, p. 418. 
W. G. Blanchard and M. J. Davis, ““Permian Stratigraphy and Structure of Parts 
of Southeastern New Mexico and Southwestern Texas,” Bull. Amer. Assoc. Petrol. Geol., 


Vol. 13 (1929), p. 969. 
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as those indicated on the Babb and Victorio flexures, or were caused 
by movements in later Leonard time itself. The writer’s own judgment 
is that the observed differences in altitude are greater than would be 
expected from depositional irregularities over an earlier structural 
surface, and that movements during later Leonard time probably took 
place. 

The surface of the beds on the flexure had a marked relief at the 
end of Leonard time, because the Brushy Canyon and other beds of 
the Guadalupe series dip at lower angles than the Bone Spring and 
overlap its sloping, eroded surface (Fig. 14 B). The relief on this sur- 
face did not develop abruptly at the end of Leonard time, however, 
because differences in depth existed while the Bone Spring limestone 
was being deposited. The succeeding Brushy Canyon strata were de- 
posited in agitated, and perhaps shallow water. At the end of Leonard 
time, sea-level may therefore have been lowered with respect to the 
land, either by regional uplift, or by eustatic change. 


POST-LEONARD FEATURES 


As indicated by the stratigraphic relations, the surface of the Babb 
and Victorio flexures had some relief during early Leonard time, when 
the lower part of the Bone Spring limestone was deposited. However, 
part of the flexing now seen there (perhaps even the greater part) took 
place later, for the overlying Victorio Peak gray member of the Bone 
Spring formation is also tilted. On the Babb flexure near the Babb 
Ranch, beds of the Guadalupe series as high as the Goat Seep lime- 
stone also extend close to the lower end of the flexure, but do not con- 
tain any features that would suggest a near-by shore line or shoal 
water. The flexing therefore took place after Guadalupe time, either 
during the later Permian or the early Mesozoic. It was, however, older 
than the Cretaceous, because the tilted beds on both flexures are 
beveled by the exhumed pre-Cretaceous plain which forms the moun- 
tain summits, and which is overlain here and there by remnant patches 
of Cretaceous rocks (as in Fig. 12 C). 

On the Bone Spring flexure, the Guadalupe series is tilted much 
less than the Leonard series. It does, however, dip southeastward, so 
that the top of the Brushy Canyon formation stands nearly 1,000 feet 
higher at the upper end of the flexure than it does 3 miles to the south- 
east, on the south side of El Capitan (Fig. 14 B). Some of this tilting 
may result from the Cenozoic uplift of the mountains, but part of it 
appears to be older. It may be related to possible movements along the 
margin of the Delaware basin during Guadalupe or Ochoa time. 
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SUMMARY 


On the Victorio, Babb, and Bone Spring flexures are many features 
of tectonic origin, as well as others of depositional and erosional origin. 
The tectonic features are here interpreted as the primary ones. The 
two flexures in the Sierra Diablo are parallel with faults and joints of 
several ages; the Victorio flexure involves not only the Leonard and 
Wolfcamp series, but also the underlying beds; and both irregularly 
bedded and well bedded units which extend across them are displaced 
1,000 feet or more. The well bedded units, at least, could hardly have 
been deposited on irregular surfaces in such attitudes, nor does it seem 
likely that such attitudes could have resulted from tilting by differ- 
ential compaction or other superficial phenomena. 

The erosional features on the flexures seem to be modifications of 
previous surfaces of tectonic origin. On the pre-Wolfcamp surface they 
have the form of hills or cuestas, and on the pre-Leonard and pre- 
Guadalupe surfaces, the form of escarpments. Deposition over the 
tectonic and erosional surfaces built up reef masses and other sedi- 
mentary features. 

Movements on the flexures took place at several times. There were 
some before Wolfcamp time, but it is uncertain how intimately they 
are related to the flexures themselves. Other movements took place 
toward the close of Wolfcamp time, and are expressed by the uncon- 
formity between that series and the Leonard. These may have been 
the cause of most of the sedimentary features seen in the Leonard se- 
ries, although further movements may have taken place in Leonard 
time, at least on the Bone Spring flexure. Still later movements took 
place on all three flexures, either in later Permian or in early Mesozoic 
time. 

LIMESTONE REEFS 
INTRODUCTION 


Along the margins of the Delaware basin in the Guadalupe Moun- 
tains and elsewhere, the Guadalupe series, like the Leonard series, is 
characterized by abrupt changes in facies and thickness. However, no 
true monoclinal flexures are evident, and except at the base and top of 
the Guadalupe series, no unconformities are present. Limestone reefs 
are present which are larger and thicker than any in the underlying 
beds. These, like the flexures in the older rocks, have a geometric rela- 
tion to the margins of the basin (Fig. 10), and although of sedimentary 
origin, may have had some relation to tectonic features. 

The limestone reefs lie in two formations. The older, or Goat Seep 
limestone, is of middle Guadalupe age, and the younger, or Capitan 
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limestone, is of later Guadalupe age. Each has a thickness of 1,200 feet 
or more, and has a great linear extent along the margins of the basin. 
Within a few miles toward the basin and shelf areas, however, each 
grades into other sorts of deposits (Fig. 2 A). 


FORM OF DEPOSITS 


Methods of reconstruction.—In order to understand the mode of 
origin of the limestone reefs, it is desirable to know what their form 
was during deposition. Attempts to reconstruct this from observations 
on the exposures in the Guadalupe Mountains meet with some difficul- 
ties. All the exposed cross sections through the reefs (Figs. 14 A and 
15 A) are merely fragments, and several cross sections must be fitted 
together to determine their form. Besides, the reefs and adjacent de- 
posits have been tilted several times after deposition, as when the 
mountains were uplifted in Cenozoic time. It is difficult to determine 
the amount of subsequent tilting, because it is not known which bed- 
ding surfaces were inclined and which were horizontal at the time of 
deposition. In Guadalupe time, deposition on inclined, irregular sur- 
faces seems to have been the rule, rather than the exception, in the reef 
zone, so that many of the dips now seen there may have been original 
in the deposit. 

To a considerable extent, a fairly satisfactory picture of the origi- 
nal form of the reefs can be worked out. Some of the exposures, such 
as that on the west side of the Guadalupe Mountains, and that in 
McKittrick Canyon (Figs. 14 A and 15 A) extend for many miles 
transversely through the reefs, and reveal great thicknesses of beds. 
Moreover, at these places, the rocks do not seem to have been tilted 
greatly after deposition. Besides, strata below the reefs are exposed 
on the west side of the Guadalupe Mountains, and strata above them 
are exposed in McKittrick Canyon. These are relatively thin-bedded 
and dip at much lower angles than the reef beds themselves. They were 
probably laid down with little original dip, and therefore give some 
idea of the position of the horizontal plane during deposition. 

Additional information on the form of the reef deposits can be ob- 
tained (1) by studying the manner in which they join the adjacent 
contemporaneous deposits of the basin and back-reef; (2) by obtaining 
evidence from the rocks as to the depth of water in which sedimenta- 
tion took place in the basin, reef, and back-reef areas; and (3) by com- 
paring the thickness of beds laid down during the same length of time 
in the three areas. 

Thicknesses.—The thicknesses of beds laid down during middle and 
upper Guadalupe time in the basin, reef, and back-reef areas are indi- 
cated in Table IV. 
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As shown by Table IV, the deposits of the reef zone are much 


thicker than those of the basin and back-reef areas. The deposits of 
the basin and back-reef areas are of approximately equal thickness. 
Those of middle Guadalupe age in the basin are slightly thicker than 
those in the back-reef, and those of later Guadalupe age in the basin 
are somewhat thinner than those in the back-reef. 

Comparison of thicknesses might suggest either that the reef zone 
was a narrow trough that subsided more than surrounding areas, and 
thereby entrapped more sediments (Fig. 16 B), or that the reef de- 


TABLE IV 
Age Back-Reef Reef Zone Basin 
1000-1, 500 feet 1, 800-2, 500 feet 700-1 ,000 feet 
Upper Carlsbad and Chalk | Capitan limestone | Bell Canyon forma- 
Guadalupe | Bluff formations and associated beds | tion (secs. O and P, 
(secs. H and I, Fig. 7) | (secs. L and M, Fig. 7)| Fig. 7) 
800 feet 1,200 feet 1,000-1,500 feet 
Goat Seep limestone | Goat Seep limestone | Cherry Canyon for- 
Middle andsandstonetongue | andsandstonetongue | mation (secs. O and 
Guadalupe | of Cherry Canyon | of Cherry Canyon | P, Fig. 7) 
formation (secs. H | formation (sec. J, 
and I, Fig. 7) Fig. 7) 


posits were built up above their surroundings on the sea floor (Fig. 
16 C). Actually, the structure of the reefs and their relation to ad- 
jacent deposits indicate that neither explanation is wholly correct. The 
great thickness of the reefs is related both to subsidence and to build- 
ing up of deposits on the sea floor, but not in the manner that either 
explanation would imply. 

Structure of reefs and adjacent deposits——The thin-bedded sand- 
stones and limestones which underlie the reefs are exposed on the west 
side of the Guadalupe Mountains, and dip southeastward at angles of 
a few degrees. This indicates that the strata were not bent down under 
the reefs in a narrow zone of subsidence (as suggested in Fig. 16 B), but 
that the reefs grew on a gently sloping bottom. It also indicates that 
the steeper slope of the beds in the reefs was original in the deposit. 

The deposits of middle and later Guadalupe age in the Delaware 
basin extend up to the reefs along its margin with gentle dips. Where 
each bed changes into the reef facies, however, it rises away from the 
basin at angles of 10°—30° (Figs. 14 B and 15 B). This steep inclination 
which is seen throughout the two reef formations, results partly from 
the thickening of the beds as they change into reef facies, and partly 
from the slope of similar overthickened beds on which each was de- 
posited. Detailed study of cross sections, such as those in McKittrick 
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Canyon, indicates that each bed rises 1,000 feet or more above equiva- 
lent basin deposits northwestward across the face of the reef. 

These relations show that during deposition, the surfaces of the 
reefs rose steeply from the floor of the Delaware basin, and that their 


TT 


Fic. 16.—Sections showing reconstruction of form of Capitan reef during deposi- 
tion: (A) form as interpreted in this paper; arrows indicate approximate amounts of 
subsidence in different places; (B and C) possible reconstructions of form of reef that 
are rejected in this paper, because of contrary evidence. 
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Fic. 17.—Theoretical sections illustrating relation of subsidence to 
manner of reef growth: (A) no subsidence; reef grows forward; (B) sub- 
sidence less than reef growth; reef grows forward and upward; (C) sub- 
sidence equal to reef growth; reef grows upward; (D) subsidence greater 
than reef growth; reef retreats. 


tops stood at great height above it. This supposition is confirmed by 
(1) the breccias which occur here and there in the Capitan limestone 
(p. 591), which are probably submarine talus deposits, laid down at 
the foot of steep slopes; and by (2) the evidence of quiet and probably 
deep water conditions in the basin area during the last half of Guada- 
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lupe time (upper part of Cherry Canyon formation, and Bell Canyon 
formation) (p. 621). 

The Carlsbad limestone and other deposits on the opposite side of 
the reefs, in the back-reef area are nearly horizontal, or dip at angles of 
a few degrees southeastward toward the reef. Their relations to 
the reef are very different from those of the basin deposits, for when 
individual beds change into reef facies, they do not rise, but remain 
nearly flat (Fig. 15 B). In contrast to the basin deposits, the back-reef 
deposits seem to have been laid down in shallow water. This is sug- 
gested by the parallel orientation of fusulinid tests, and the passage of 
the limestone, farther in the shelf area, into such near-shore deposits 
as evaporites and redbeds. 

Manner of growth.—As previously indicated (p. 590), the sloping 
layers of reef deposit are arranged like shingles, each one a little farther 
forward toward the basin than the preceding. The Goat Seep deposits 
lie farthest northwest, and on the west side of the Guadalupe Moun- 
tains are directly over the upper end of the Bone Spring flexure in the 
older rocks (Fig. 14 B). The Capitan deposits lie to the southeast, the 
forward end of each layer advancing farther than the one below it. 
The advance of the deposit is greatest in the older half of the Capitan, 
of Hegler to Pinery age. In the younger half, of Rader to Lamar age, 
the forward ends reach nearly to the same line, which is near the base 
of the present Reef Escarpment. 


TECTONIC FEATURES 


The slope of the beds in the reef masses is mainly an original dip, 
for it is much steeper than that of the adjacent thin-bedded deposits 
which were laid down in the near-by basin and back-reef areas. How- 
ever, the thin-bedded deposits themselves dip at low angles, generally 
southeast. 

The dip in the basin deposits (Bell Canyon and Cherry Canyon 
formations) seems to be greatest over the Bone Spring flexure, where 
a southeastward slope of 1,000 feet in 3 miles has already been noted 
(p. 633) (Fig. 14 B). In the southern Guadalupe Mountains, for sev- 
eral miles northwest of the Capitan reef, the dip of the back-reef 
deposits (Carlsbad limestone) is as much as 5° SE. (Fig. 15 B). Farther 
back, it appears to flatten along a fairly definite axis, which in New 
Mexico follows the crest of Guadalupe Ridge (Fig. 3). Farther north- 
east in New Mexico, as beyond Carlsbad Cavern, the Carlsbad lime- 
stone extends southeastward entirely over the face of the Reef Escarp- 
ment. Here, it dips as much as 10° SE. 

Some of this dip in the basin and back-reef deposits was caused by 
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the Cenozoic uplift of the Guadalupe Mountains, which tilted all the 
strata of the range east-northeastward at angles of a few degrees. 
Some of the dip, however, is certainly older. The southeastward-dip- 
ping back-reef beds (Carlsbad limestone) are beveled by a plain whose 
remnants form the summits of the range. The plain is older than the 
Cenozoic uplift and faulting, and may be the exhumed surface on 
which the Cretaceous was once deposited.'® 

The older inclination of the basin and back-reef deposits might 
have been original, although it seems unlikely that the back-reef beds 
were laid down on a surface that sloped toward the reef. Lang'® has 
also pointed out that the spherical pisolites which occur throughout 
the Carlsbad limestone, even where the dip is fairly steep, could hardly 
have remained in such positions if the beds were deposited on sloping 
surfaces. It is more likely that the southeast dip, at least in the back- 
reef beds, was caused by slight tilting toward the basin in late Permian 
or early Mesozoic time. 


RELATION OF REEFS TO TECTONIC FEATURES 


During later Guadalupe time, when limestone reefs were laid down 
along the margins of the Delaware basin, the region was subsiding. 
Such subsidence is indicated especially in the reef and back-reef areas, 
where great thicknesses of deposits accumulated, probably all in rela- 
tively shallow water. The subsidence, however, was probably not equal 
everywhere, for the deposits of the reef zone are nearly twice as thick 
as those in the back-reef area, as though the reef zone went down 
farther. In the basin area, the deposits are no thicker than those in the 
back-reef area, but they accumulated in much deeper water. The basin 
therefore probably subsided as much as the reef zone, but was not filled 
with a corresponding thickness of sediments (Fig. 16 A). 

If these inferences are correct, the margins of the basin were flexed 
down toward it during Guadalupe time, in much the same manner as 
they were in Leonard time and before. The existing evidence is too 
meager to say whether the flexing followed trends as definite as those 
of the monoclinal flexures in the older rocks. In the southern Guada- 
lupe Mountains, however, the flexing may have had much the same 
course as the Bone Spring flexure, for the earliest reefs (Goat Seep) lie 


165 No remnants of Cretaceous rocks have been definitely proved to exist in the 
Guadalupe Mountains. The discovery of Cretaceous fossils in float has been reported 
at one or two places. Shafter Ward of Carlsbad has shown the writer patches of sand- 
stone, without fossils, lying unconformably on the Carlsbad limestone near Jernegan 
Draw, 8 miles east-northeast of Carlsbad Cavern (Fig. 3). 


166 W. B. Lang, “The Permian Formations of the Pecos Valley of New Mexico and 
Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), p. 895. 
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above it, and the younger ones (Capitan) have grown in front of it. 
Axes in the younger rocks, such as that along Guadalupe Ridge, may 
have been formed by still later movements along the same trend. 

Shallow areas of the sea floor, sloping up from such deeper-lying 
areas as the Delaware basin, would be favorable places for the growth 
of limestone reefs. In such areas of warm, agitated water, calcium car- 
bonate would reach the saturation point, and lime-secreting organisms 
could thrive. The tendency of reefs to grow along the margins of the 
basin in earlier Permian (Leonard) time has already been noted (pp. 
630-631). The Goat Seep and Capitan reefs also developed in such an 
environment. The surface on which the initial deposits formed might 
have been gently sloping, and if so, growth began at the point where 
depth and other conditions were favorable. If there were flexures on 
the surface, such as those that may have existed in the present south- 
ern Guadalupe Mountains, the initial deposits would be likely to form 
along their crests, and there the position of the initial deposits would 
be controlled by local tectonic features. 

The initial reef deposits, being thicker than equivalent beds in the 
basin area, would rise above them with original dips, and their growth 
would accentuate whatever irregularities already existed on the sea 
floor. Further growth of reefs over the original ones would therefore be 
encouraged. If the depth of water were not maintained by continuing 
subsidence, or if the subsidence were not as rapid as reef growth, up- 
ward building of the reefs would be prevented, because they would 
approach the surface of the sea. Under such circumstances, further 
reef growth would take place on the basinward slope of the older de- 
posits, and the reefs would be built forward toward the deeper water 
of the basin (Fig. 17 A). If subsidence continued at the same rate as 
reef growth, the reefs would be built upward over the older deposits 
and toward the surface (Fig. 17 C). If subsidence were more rapid than 
reef growth, the reefs would not continue to grow over the initial de- 
posits, and might retreat away from the basin toward a more favora- 
ble environment, such as the less rapidly subsiding shelf areas (Fig. 
17D). 

In the southern Guadalupe Mountains, the Goat Seep and Capitan 
reefs grew both forward and upward, suggesting that subsidence took 
place during their deposition, but less rapidly than reef growth (Fig. 
17 B). There are differences in the amount of forward growth in suc- 
cessive deposits, however, as though subsidence did not always take 
place at the same rate. In the younger part of the Capitan reef, the 
advance is less than in the older, suggesting that subsidence was more 
rapid at that time. Elsewhere in West Texas, near the margins of the 
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Delaware basin, retreats of the Capitan reef away from the basin are 
reported, but they appear to be minor features. 

The reefs of Guadalupe time thus appear to have originated on the 
shallower parts of a sea floor that sloped into the deeper-lying Dela- 
ware basin. The slope itself was of tectonic origin, and resulted from 
the greater subsidence of the basin than the surrounding areas. Here 
and there, as perhaps in the southern Guadalupe Mountains, the ini- 
tial reefs may have been localized on flexures and other minor tectonic 
features. After the initial deposits were formed, the sea bottom con- 
tinued to subside, but generally at a slower rate than the reefs could 
grow. Later reefs therefore tended to build out from the initial de- 
posits, and their pattern was controlled less by tectonic features than 
by the depositional surfaces of the beds previously deposited. 


CHAPTER Four 


Grass MounrtTaAINs SECTION 


INTRODUCTION 
PURPOSE OF CHAPTER 


If this were a complete treatise on the West Texas Permian, it 
should include a detailed description of the Glass Mountains section 
comparable with that of the Guadalupe Mountains section which has 
been given in Chapter Two. In this paper, however, such treatment 
does not seem necessary, because many stratigraphic and paleonto- 
logic papers on the section have already been published. For more 
detailed information, the reader is referred to these publications. 

The stratigraphy of the area was first described by Udden,'® and 
later by P. B. King.’** Recent summaries of the stratigraphy, contain- 
ing new information, have been published by P. B. King.1® 

A study of the ammonoids of the Glass Mountains was made by 


167 J. A. Udden, “Notes on the Geology of the Glass Mountains,” Univ. Texas Bull. 
1753 (1918), pp- 3-59. 

168 P. B. King, ‘“Geology of the Glass Mountains, Part 1, Descriptive Geology,” Univ. 
Texas Bull. 3038 (1931), pp. 51-90. 

169 P, B. King, “Permian Stratigraphy of Trans-Pecos Texas,’’ Bull. Geol. Soc. 


America, Vol. 45 (1934), pp. 726-41. : 
, “Geology of the Marathon Region, Texas,’’ U. S. Geol. Survey Prof. Paper 


187 (1938), Pp. 92-109. 
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Bése,!”° and later by Smith,'”! Plummer and Scott,!” and Miller and 
Furnish.!” The brachiopods have been described by R. E. King,! and 
the fusulinids by Dunbar and Skinner.'> Some pelecypods from the 
Word formation have been described by Newell.!”6 

In addition to this work, which has been completed, G. A. Cooper 
of the U. S. National Museum has, between 1939 and 1941, made 
extensive collections in the mountains. The writer has been in- 
formed'”* that a detailed study of this material is planned by Cooper 
and his associates. 

This chapter presents new interpretations that were not included 
in previous summaries, and a discussion of the correlation of the sec- 
tion with that in the Guadalupe Mountains region. 

The new interpretations are not based on recent field work by the 
writer, for after the paper of 1931 was published, he has only visited 
the Glass Mountains on brief excursions. Some of the material con- 
sists of new interpretations of older field work in the light of conclu- 
sions reached during later field work in the Guadalupe Mountains 
region. To this class belong the probable unconformity at the top of 
the Hess limestone member of the Leonard formation in the eastern 
Glass Mountains and the probable existence of a reef facies in the up- 
per part of the Word formation in the same area. Although these fea- 
tures had been noted during the original field work, they were scarcely 
mentioned in 1931, because no satisfactory interpretation could be 
given for them at that time. 

New paleontological work, such as that on the ammonoids and 
fusulinids, adds to or changes older conceptions of the stratigraphic re- 
lations. These results require consideration here. 

Also, in recent years, a number of wells have been drilled near the 


170 Emil Bose, ‘The Permo-Carboniferous Ammonoids of the Glass Mountains and 
Their Stratigraphical Significance,’’ Univ. Texas Bull. 1762 (1919). 

17 J. P. Smith, “The Transitional Permian Ammonoid Fauna of Texas,’ Amer. 
Jour. Sci., 5th Ser., Vol. 17 (1929), pp. 63-80. 

172 F, B. Plummer and Gayle Scott, “Upper Paleozoic Ammonites in Texas,”’ Univ. 
Texas Bull. 3701 (1937), pp. 21-24. 

173 A. K. Miller and W. M. Furnish, “Permian Ammonoids of the Guadalupe Moun- 
tain Region and Adjacent Areas,’’ Geol. Soc. America Spec. Paper 26 (1940), pp. 12-15. 

14 R, E. King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Description of Brachiopoda,” Univ. 
Texas Bull. 3042 (1931), pp. 6-11. 

175 C. O. Dunbar and J. W. Skinner, “Permian Fusulinidae of Texas,” Univ. Texas 
Bull. 3701 (1937), pp. 584-87. 

1% N. D. Newell, “Late Paleozoic Pelecypods: Pectinacea,’’ Kansas Geol. Survey 
Reports, Vol. 10 (1937), pp. 58-59, 75-76, 78-79, and gt. 

17%6a G. A. Cooper, personal communication, February, 1942. 
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mountains on the north, northeast, and northwest. Their logs add to 
the three-dimensional picture of the stratigraphy and tectonics of 
the area, and make comparisons easier between the stratigraphy of 
the mountains and that of the region on the north, which is being 
worked out by subsurface methods. The well records can be only 
briefly mentioned in this paper, and a separate paper on the subject, by 
a geologist who is intimately acquainted with both outcrops and well 
logs, would be very desirable. 


STRATIGRAPHY 


The Glass Mountains are composed of Permian rocks that are 
tilted northwestward or northward. At the southeast, the underlying 
Pennsylvanian and older rocks of the Marathon basin are exposed 
(D-IV, Pl. 1), including, at the top, the Gaptank formation, of later 
Pennsylvanian age. Above the Gaptank is the Wolfcamp formation, 
which here constitutes the Wolf camp series, classed as of Permian (?) 
age (Fig. 2 B). This is followed by the Leonard formation, constituting 
the Leonard series; by the Word, Altuda, Capitan, and Gilliam forma- 
tions constituting the Guadalupe series; and by the Tessey limestone, 
which probably belongs to the Ochoa series. Above the Tessey is the 
Bissett conglomerate, which is now classed as of Triassic age (although 
it was once thought to be Permian). This sequence is overlain by the 
Cretaceous, which overlaps unconformably across all the older rocks. 

The Glass Mountains section thus includes beds of the same age 
and belonging to the same series as the beds in the Guadalupe Moun- 
tains section. All the series have nearly the same thickness as they do 
in the Guadalupe Mountains, except the Ochoa series (Tessey lime- 
stone), which is much thinner than to the north. The Permian rocks 
of the Glass Mountains, like those of the Guadalupe Mountains, were 
deposited near the edge of the Delaware basin, and the same facies 
are present in both areas (Fig. 2). The Glass Mountains section in- 
cludes great masses of limestone, part of which are reef deposits. 

Several unconformities are present in the Glass Mountains section. 
One lies at the base of the Wolfcamp formation, and is equivalent to 
that beneath the Hueco limestone in the Guadalupe Mountains region. 
In places, the Wolfcamp lies with great angular unconformity on the 
older Paleozoic rocks of the Marathon folded belt, but in other places 
the unconformity is obscure. The Wolfcamp formation is separated 
from the Leonard formation above by another unconformity, which 
is equivalent to that between the Hueco and Bone Spring formations 
in the Guadalupe Mountains region. 

Between the base of the Leonard formation and the top of the Tes- 
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sey limestone, no unconformities have been definitely proved to exist, 
although some may be found by further work. An unconformity may 
be present in the upper part of the Leonard, but this does not cor- 
respond with any in the Guadalupe Mountains. No unconformity has 
been found between the Leonard and Guadalupe series, but there ap- 
pears to be a hiatus between the Guadalupe and Ochoa series (Tessey 
limestone). 
TECTONIC FEATURES 

Present structure-—In the Glass Mountains, the Wolfcamp series 
and succeeding Permian rocks dip northwestward or northward at 
angles of 5°-10° away from the older rocks of the Marathon basin. 
Their average strike is east-northeast. The Cretaceous, which lies un- 
conformably on the Permian, is tilted in the same direction, but at a 
lower angle. 

Relations to Delaware basin.—Because of the fairly steep dip, 
knowledge of the stratigraphic and tectonic features of the Permian 
rocks of the Glass Mountains is largely two-dimensional. In tracing 
out the beds, changes in facies appear to take place east-northeastward 
along the strike. This is, however, not the true relation, as may be 
seen by closer scrutiny of the rather narrow belts of outcrop. The great- 
est changes appear to take place southeastward, and the facies bound- 
aries trend northeastward, and thus cross the strike at a rather low 
angle. 

These relations make it difficult to represent the Permian stratigra- 
phy of the Glass Mountains in a diagram without distorting it. Most 
of the available data are along the belts of outcrop, yet if distances 
along the outcrop are used in plotting, the stratigraphic changes ap- 
pear less abrupt than they are in nature. In the stratigraphic diagram 
(Fig. 2 B), this difficulty was about half compensated by projecting all 
the features into an east-west line. Such a line would bisect the angle 
between the strike, and the direction of the greatest change in facies. 

The northeastward trend of the facies boundaries evidently follows 
the margin of the Delaware basin, whose deeper part lay to the north- 
west, beyond the present outcrops (Pl. 1). The basinward face of the 
northeast-trending reefs in the Leonard formation and Capitan lime- 
stone was toward the northwest, and their beds slope, with original 
dip, in the same direction. No beds of true basin facies are exposed in 
the Glass Mountains. The rocks of the Leonard and Guadalupe series 
in the western half of the mountains, which consist of alternations of 
limestone, siliceous shale, and sandstone, are comparable with those 
near the reef zone in the Guadalupe Mountains rather than those 
farther out in the basin in the Delaware Mountains (Fig. 2 A). Rocks 
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of the same age in the eastern half of the Glass Mountains are dom- 
inantly limestone, and are comparable with those in the reef and back- 
reef areas in the Guadalupe Mountains. 

Hovey anticline—Extending across the center of the Glass Moun- 
tains is an anticline which pitches northwestward.'”” This may be 
termed the Hovey anticline, for its exposures northwest of the Glass 
Mountains near the village of Hovey (D-IV, Pl. 1). Northwest of the 
Glass Mountains, not only the Permian, but the Cretaceous and Ter- 
tiary rocks are folded along it. The latest deformation on it is therefore 
probably of Tertiary age. 

Some evidence indicates that earlier movements have taken place 
along the course of the anticline. On its flanks, Permian rocks are tilted 
more than the Cretaceous.!”* During Permian time its course north- 
west of Hovey may have formed the southwest margin of the Dela- 
ware basin, for the Humble Oil and Refining Company’s McCutcheon 
well No. 1, drilled on it northeast of Fort Davis (well 10, D-IV, Pl. 1) 
penetrated Permian limestones that appear to be of reef facies. Still 
older movements (Wolfcamp or pre-Wolfcamp) are suggested by Dod- 
son’s Texas-American Syndicate well No. 1, drilled on the anticline 
near Hovey (well, 2, D-IV, Pl. 1). In this well, a Permian sequence 
thinner than in near-by wells and outcrops was penetrated, and white 
chert and novaculite, probably the Caballos novaculite (Devonian ?) 
was reached at 5,665 feet. The Leonard, as determined by fossils, ex- 
tends at least to 5,121 feet. Between it and the Caballos are black 
shales and cherts whose age is uncertain; they may be either Leonard, 
Wolfcamp, or Pennsylvanian.!”° Thus, in this district, the Leonard or 
the Wolfcamp overlaps unconformably onto much older rocks. 


WOLFCAMP SERIES 


GENERAL FEATURES 


The local representative of the Wolfcamp series in the Glass Moun- 
tains is the Wolfcamp formation, whose type locality is in the Wolf 
Camp Hills, in the eastern Glass Mountains.'®° Here it is about 600 


177 P, B. King, “Geology of the Glass Mountains, Part 1, Descriptive Geology,” 
Univ. Texas Bull. 3038 (1931), Pls. 10 and 11. 

178 P, B. King, of. cit. (1931), Pl. 12. 

179 J. M. Hills, R. E. King, and J. W. Skinner, correspondence of 1938-19309. 

180 Tt is impracticable in this paper to include an index map, showing localities in 
the Glass Mountains. For locations and maps, the reader is referred to the following. 


P. B. King, op. cit. (1931), geologic map. 
, “Geology of the Marathon Region, Texas,’ U. S. Geol. Survey Prof. 
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feet thick, and consists of alternating thick beds of shale and thin beds 
of limestone, with minor amounts of sandstone and conglomerate. Its 
base is defined as the bottom of a gray limestone member about 45 
feet thick, which lies directly on the Uddenites-bearing shale member 
at the top of the Gaptank formation. At the type locality and else- 
where in the mountains, the Wolfcamp formation is overlain uncon- 
formably by the basal conglomerate of the Leonard formation of the 
Leonard series. The formation and series as thus defined includes the 
zone of the fusulinid Pseudoschwagerina. 

The Wolfcamp formation extends along the southern foothills of the 
Glass Mountains, but its outcrop is partly covered by alluvium, and 
in places it is partly or wholly cut out by the unconformity at the base 
of the Leonard. It also changes greatly in facies west-southwest of the 
type locality; in this direction, the conglomerates and sandstones 
thicken, and finally predominate over shale and limestone (Fig. 2 B). 
It is therefore impossible to trace any subdivisions of the formation 
and series very far along the outcrops. This is of some importance in 
working out the paleontological zonation. Ammonoids have not been 
found at the type locality, but occur in considerable numbers at the 
west-southwest. The equivalents of the beds that contain them can not 
be located exactly in the type section. 


NEW INTERPRETATIONS 


_ Relations to underlying beds —West-southwest of the type locality, 
the Wolfcamp formation overlaps onto strongly folded Pennsylvanian 
and older rocks. It is separated from them by a marked angular dis- 
cordance and its base is composed of thick masses of conglomerate. At 
the type locality and farther east, the unconformity dies out. Here, 
the Wolfcamp lies on the Gaptank formation without angular discord- 
ance, and with no clear sign of erosion, although some miles south the 
Gaptank and older beds are steeply folded. 

In the section in the Wolf Camp Hills, and those near by, a se- 
quence of fusulinid and other fossil zones can be recognized. The Ud- 
denites-bearing shale member at the top of the Gaptank formation 
(bed 1, section 24)'*! contains Triticites ventricosus (Meek and Hay- 
den). The overlying gray limestone bed at the base of the Wolfcamp 
formation (beds 2 and 3) contains a few specimens of Schwagerina. In 
the beds immediately above the gray limestone (beds 4 to 9) are sev- 
eral species of Triticites, and Paraschwagerina kansasensis (Beede). 
Pseudoschwagerina first appears about 200 feet above the base of 
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the formation (bed 12) where it is associated with Schwagerina.'® 

The same fusulinids occur in the same order, and in beds of about 
the same thickness, in the section in central Texas, and in other areas, 
thus suggesting that the sequence in the Wolf Camp Hills is nearly com- 
plete. If a break exists in the Wolf Camp Hills section, paleontological 
proof for it must depend on more detailed data than are available to 
the writer. 

Physical evidence of an unconformity in the lower part of the sec- 
tion in the Wolf Camp Hills has been mentioned by several authors, 
but they have not agreed as to the position of the unconformity. In 
1931,'* it was pointed out that the Uddenites-bearing shale member 
changed abruptly in thickness near the ravine that drains the western 
part of the hills, and this was interpreted as resulting from overlap of 
the shale on underlying limestone beds. On a visit to the locality in 
1938, however, J. W. Skinner pointed out to the writer that the thin- 
ning of the shale is accompanied by thickening of the overlying gray 
limestone, by the addition of beds at its base. This would suggest that 
the gray limestone was deposited on an irregularly eroded surface of 
the shale. The unconformity, if present, would lie between them, or at 
the base of the Wolfcamp as now defined. 

Relations to overlying beds——An unconformity between the Wolf- 
camp and overlying Leonard series was recognized during Udden’s 
original work in the region.’** Subsequent work in the area has further 
emphasized the importance of the break. It is not as striking as that 
below the Wolfcamp in the western Glass Mountains, but is much 
more persistent, and may be recognized along the whole length of the 
outcrop. It is marked by a slight angular discordance between the 
Wolfcamp and Leonard beds, by cousiderable erosion of the underly- 
ing Wolfcamp, and by a persistent conglomerate at the base of the 
Leonard. 

Here and there, the Wolfcamp series is missing entirely as a result 
of pre-Leonard erosion. The Wolfcamp is absent east of Gap Tank, as 
was recognized in 1931,'* but it appears also to be absent at other 

182 For information on fusulinid zonation of the section, see the following. 


C. O. Dunbar and J. W. Skinner, of. cit. (1937), pp. 584-85, 715-16. 

P. B. King, “Geology of the Marathon Region, Texas,’ U. S. Geol. Survey Prof. 
Paper 187 (1938), Pp. 95-97- 

The occurrence of Schwagerina in the gray limestone has not been mentioned in any 
publication, and was reported to the writer by J. W. Skinner, September, 1938. 


183 P. B. King, “Geology of the Glass Mountains, Part 1, Descriptive Geology,”’ 
Univ. Texas Bull. 3038 (1931), p. 54 and Fig. 19. 


184 For an interesting historical statement, see Emil Bose, op. cit. (1919), pp. 16-17. 
Before the fossils of the underlying beds were studied, Udden considered the uncon- 
formity to mark the Pennsylvanian-Permian boundary. 
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places where it was formerly thought to exist. Thus the gray lime- 
stones mapped as Wolfcamp immediately west of Gap Tank now ap- 
pear to belong to the Gaptank formation, although the brown lime- 
stones with Pseudoschwagerina immediately east of the tank are 
undoubtedly Wolfcamp. Dunbar and Skinner!® also mention a locality 
between Gap Tank and the Wolf Camp Hills where the supposed Wolf- 
camp contains Gaptank fusulinids. 

The break between the Wolfcamp and Leonard series may extend 
for some distance into surrounding areas, where the Permian and 
Pennsylvanian rocks are covered by the Cretaceous. It seems to be 
present in the Wilcox Oil and Gas Company’s Cerf well No. 1 north- 
east of the Glass Mountains, in southern Pecos County (well 31, E-IV, 
Pl. 1). Here, limestone with some shale and redbeds, probably of 
Leonard age, is underlain by conglomerate, whose base lies at 3,820 
feet. Beneath it are shaly beds, whose upper part contains Schwagerina 
linearis Dunbar and Skinner, which is a characteristic Wolfcamp fos- 
— 

CORRELATION WITH GUADALUPE MOUNTAINS SECTION 


The typical Wolfcamp series of the Glass Mountains is probably 
to be correlated with the Hueco limestone of the Sierra Diablo and 
Hueco Mountains. Both overlie strata with late Pennsylvanian fossils 
(Gaptank and Magdalena formations), and underlie strata with char- 
acteristic Permian fossils (type Leonard series and Bone Spring lime- 
stone). In each area, beds assigned to the Wolfcamp are separated 
from the beds above and below by unconformities. 

The paleontological correlation has been strengthened by recent 
studies of the fusulinids and ammonoids. According to Dunbar and 
Skinner,'** the fusulinid fauna of the Wolfcamp series in the Glass 
Mountains 
is more diversified than that of any of the higher beds, including as it does 6 
genera and about 20 species. Here are found the last of the genus Triticiies, 
a holdover from the Pennsylvania faunas, associated with and largely over- 
shadowed by species of Schwagerina, Paraschwagerina, and Pseudoschwagerina. 
In this region, the last three genera make their first appearance in the lower 
part of the Wolfcamp formation, and the last two disappear near the top, 
Schwagerina alone ranging up for about 500 feet into the Leonard formation. 
No species, however, are known to cross either the lower or upper boundary 
of the Wolfcamp. 


186 C, O. Dunbar and J. W. Skinner, of. cit. (1937), locality 2, p. 715. 


187 R, E. King and J. W. Skinner, personal communications of January, 1939. The 
fusulinid identification is by Skinner. A different interpretation of this well is given by 
F. E. Lewis in “Position of San Andres Group, West Texas and New Mexico,”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 25 (1941), p. 90. 


188 C. O. Dunbar and J. W. Skinner, of. cit. (1937), p. 584. 
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It will be recalled that the fusulinids of the Hueco consist of the same 
genera previously mentioned (p. 565). Moreover, they include most of 
the same species. 

The ammonoids of the Wolfcamp series in the Glass Mountains 
have been described in papers by Plummer and Scott!® and by Miller 
and Furnish. In both publications the same assemblage of genera 
and species is recognized. According to Miller and Furnish, it contains 
the genera Neopronorites, Artinskia?, Daraelites, Eoasianites, Thalas- 
soceras, Metalegoceras?, Peritrochia, and Properrinites. Six of the eight 
genera, and some of the same species, occur in collections from the sin- 
gle locality at which ammonoids are known in the Hueco limestone 
(p. 565). 

The evidence of the fusulinids and ammonoids seems to indicate 
definite correlation of the two units, but evidence of the other groups 
is somewhat equivocal. G. A. Cooper,!® of the United States National 
Museum, who has collected in both units, states that the general 
aspect of their faunas is decidedly different. According to R. E. King!” 
a number of brachiopod species in the Hueco limestone occur also in 
the overlying Leonard series, and some are not found at any horizon 
in the Glass Mountains. Preliminary comparisons of the gastropods 
made by Girty' also indicate considerable dissimilarity between the 
two faunas. It should be noted, however, that neither the gastropods 
nor the pelecypods of the two faunas have been studied in detail, and 
they may furnish evidence which is yet unknown. 

The strong similarity between the fusulinids and ammonoids of the 
type Wolfcamp and the Hueco suggests that the dissimilar features in 
the other two groups of fossils may be caused by differences in facies, 
rather than differences in age. The units in the two areas must have 
been deposited in quite different environments, for the Wolfcamp is 
dominantly shale, and the Hueco dominantly limestone. These en- 
vironmental differences undoubtedly influenced the faunas. 


LEONARD SERIES 
GENERAL FEATURES 


According to the usage herein adopted, the Leonard series in the 
Glass Mountains is represented by one formation, also termed the 


189 F, B. Plummer and Gayle Scott, of. cit. (1937), p. 22. 
199 A, K. Miller and W. M. Furnish, of. cit. (1940), p. 13. 
191 G, A. Cooper, personal communication of December, 1940. 


12 R, E. King, op. cit. (1931), pp. 16-17. These relations are also summarized by 
P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. America, 
Vol. 45 (1934), Pl. 104, p. 748. 


193 G, H. Girty, letter of November, 1938. 
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Leonard, although in future work it may prove desirable to divide the 
series into several formations. The Leonard formation, as now defined, 
comprises about 2,000 feet of beds, limited below by an unconformity 
at the top of the Wolfcamp formation and above by a persistent lime- 
stone bed that forms the base of the Word formation. At one time, the 
Hess limestone member of the Leonard formation in the eastern Glass 
Mountains was thought to be a chronologic unit older than the Leon- 
ard, but it is now believed that it is largely contemporaneous with 
the other Leonard beds farther west.!® 

The Leonard formation in the western half of the Glass Mountains 
is a succession of siliceous shales, sandstones, and thin to thick inter- 
bedded limestones (Fig. 2 B). East-northeastward along the outcrop, 
these interfinger with limestone reefs, which change in turn into thin- 
bedded, back-reef limestones. The reef and back-reef deposits are the 
Hess limestone member, which forms the greater part of the thickness 
of the series in the eastern half of the mountains. 


NEW INTERPRETATIONS 


Relations of Hess limestone member to beds in western part of moun- 
tains.—Recent studies of the fusulinids of the Leonard series by Dun- 
bar and Skinner, and of the ammonoids by Miller and Furnish supply 
additional information on the relations of the Hess limestone member 
to the rest of the Leonard formation as developed farther west in the 
mountains. 

According to Miller and Furnish,'® the Leonard formation con- 
tains Perrinites hilli (Smith) (Perrinites vidriensis Bose) and other 
characteristic ammonoids which are readily differentiated from those 
in the formations and series below and above. They have, however, 
not been able to subdivide the Leonard into smaller zones. Evidently 
the several Perrinites horizons indicated on previously published sec- 
tions of the Leonard in the Glass Mountains!® represent merely zones 
of abundance of specimens, and have no paleontological significance. 

From near the top of the Hess limestone member near the Word 
Ranch! Miller and Furnish have identified Perrinites hilli (Smith) 


19 J, A. Udden, op. cit. (1918), p. 43. 

P. B. King, “‘Geology of the Glass Mountains, Part 1, Descriptive Geology,” Univ. 
Texas Bull. 3038 (1931), p. 57. 

1% P. B. King, “Limestone Reefs in the Leonard and Hess Formations of Trans- 
Pecos Texas,’’ Amer. Jour. Sci., 5th Ser., Vol. 24 (1932), pp. 353-54- 


196 A. K. Miller and W. M. Furnish, of. cit. (1940), pp. 13-14. 


17 P. B. King, “Geology of the Glass Mountains, Part 1, Descriptive Geology,” 
Univ. Texas Bull. 3038 (1931), Pl. 7. 

198 R. E. King’s locality 223, op. cit. (1931), p. 136; P. B. King’s bed 22, section 24, 
op. cit. (1931), p. 61; Dunbar and Skinner’s locality 33, op. cit. (1937), p- 717, from which 
the latter have identified Schubertella melonica Dunbar and Skinner. 
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and Medlicottia whitneyi Bose, which characterize the Leonard else- 
where in the mountains, but with these have found Eothinites, Stacheo- 
ceras, and Popanoceras, which occur at no other locality. The signifi- 
cance of the presence of the latter genera is not known. From a 
somewhat lower horizon in the Hess, Bése!®? described Perrinites com- 
pressus, but Miller and Furnish?” consider this to be conspecific with 
Perrinites hilli. Ammonoid evidence thus confirms the conclusion that 
the Hess is of Leonard age, but does not aid in any more precise corre- 
lation. 

The lower beds of the Leonard formation in the western part of the 
Glass Mountains, and the lower beds in the Hess limestone member 
in the eastern part both contain several species of the fusulinid genus 
Schwagerina, and a few of the genus Parafusulina. A little higher in the 
section in both areas, only Parafusulina is present. “Without doubt, 
Parafusulina is a specialized outgrowth of Schwagerina.’" This indi- 
cates that the basal beds of the series in the two areas, although of 
unlike facies, are of the same general age. 

The lowest beds of the Hess in the eastern Glass Mountains may, 
_ however, be a little older than the lowest beds of the Leonard farther 
west. Near the eastern end of the mountains, northwest of Gap Tank, 
Schwagerina hawkinsi Dunbar and Skinner and S. hessensis Dunbar 
and Skinner occur about 450 feet above the base of the Hess, whereas 
near the western end of the mountains, on Dugout Mountain, they 
occur in the basal beds of the Leonard.” Also, according to Miller,?% 
ammonoids appear to be absent from the oldest beds of the Leonard 
formation, but he has collected Perrinites and other genera from the 
basal beds on Dugout Mountain. The occurrence of the fusulinids, and 
perhaps of the ammonoids on Dugout Mountain suggests that the 
oldest beds of the Leonard may be absent by overlap at this locality. 

Probable unconformity in upper part of series.24*—In the eastern 
part of the Glass Mountains, the Hess limestone member of the 
Leonard formation is overlain by about 300 feet of beds that resemble 


199 Emil Base, of. cit. (1919), pp. 166-68, F. B. Plummer and Gayle Scott, of. cit. 
(1937), p. 22, report the occurrence of the species 425 feet above the base of the Leonard 
northwest of Iron Mountain, but no specimens appear to have been studied by them, 
and the citation is evidently erroneous. 


200 A. K. Miller and W. M. Furnish, oP. cit. (1940), p. 148. 

201 C. O. Dunbar and J. W. Skinner, oP. cit. (1937), p. 585. 

202 C, O. Dunbar and J. W. Skinner, of. cit. (1937), localities 32 a and 20, p. 717. 
203 A. K. Miller, letter of January, 1940. 


204 This feature has also been discussed by F. E. Lewis, ‘‘Position of San Andres 
Group, West Texas and New Mexico,”’ Bull, Amer. Assoc. Petrol. Geol., Vol. 25 (1941), 
PPp- 91-92. 
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the Leonard formation in the western part of the mountains, and con- 
tain such characteristic Leonard fossils as Productus ivesi Newberry. 
_Resting on the Hess limestone member is “limestone containing 
abundant, well rounded quartz pebbles, which passes upward into 
fossiliferous limestone, interbedded with marl and siliceous shale.’’2% 
The widespread occurrence of conglomerate at the base of the upper 
Leonard beds and changes in thickness of beds in the underlying Hess 
shown by measured sections 7% suggest that the upper part of the 
Leonard may lie unconformably on the Hess member in this area 
(Fig. 2B). In the western Glass Mountains, no unconformity is known 
at this level, but well rounded quartz pebbles are abundant in the 
upper part of the series, in beds containing Productus ivesi Newberry 
and Perrinites hilli (Smith). 

During later Leonard time, the limestone reefs of the Hess in the 
eastern Glass Mountains may have stood somewhat above the sea 
floor farther west, and these were perhaps eroded before the youngest 
Leonard beds were laid down over them. At the same time, an uplift 
in one of the lands marginal to the area of deposit may have brought 
in the quartz pebbles now contained in the younger beds. 

Delaware basin facies of Leonard series——On the outcrop in the 
Glass Mountains, no beds in the Leonard formation are comparable 
with the black limestones that characterize the Bone Spring in the 
Delaware Basin area of the Guadalupe Mountains region. Rocks of this 
facies may, however, occur in the deeper parts of the Delaware basin 
not far northwest of the outcrops (PI. 1). In Dodson’s Texas-American 
Syndicate well No. 1 (p. 645), beds of Leonard age are believed to 
extend from about 4,075 to 5,121 feet. They contain Schubertella and 
other fusulinids like those in the Leonard through part of this in- 
terval.?°” The beds of Leonard age consist of dark to black shale, black 
shaly limestone, gray fossiliferous limestone, some chert, and some 
sand, and are thus of a facies similar to the black limestones of the 
Bone Spring. 


CORRELATION WITH GUADALUPE MOUNTAINS SECTION 


The Leonard formation of the Glass Mountains is probably to be 
correlated with the Bone Spring limestone of the Guadalupe Moun- 
tains region. Both lie unconformably on the underlying Wolfcamp 
series. Both contain faunas that are markedly different from those of 
the Pennsylvanian and are of a characteristically Permian aspect. 


20 P, B. King, of. cit. (1931), p. 67. 
208 Compare sections 23 and 27, Pl. 7, P. B. King, op. cit. (1931). 
207 Tdentified by J. W. Skinner. 
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Unlike the correlation of the Wolfcamp series, for which the best evi- 
dence is afforded by the fusulinids and ammonoids, the best evidence 


for correlating the Leonard series is afforded by the brachiopods. 


As with the Wolfcamp series, very little is known of the gastropods 
and pelecypods, so that they supply no evidence regarding the cor- 
relation. 

The brachiopods of the Leonard formation in the Glass Mountains 
form a characteristic assemblage which is almost identical with that 
in Victorio Peak and other members of the Bone Spring limestone. R. 
E. King?** has also shown that many of the same species, such as 
Productus ivesi Newberry, P. leonardensis King, and the older species 
of Prorichthofenia and Leptodus, occur in both areas. 

The fusulinids of both the Leonard formation and the Bone Spring 
limestone include the genera Schwagerina and Parafusulina, but there 
are no species in common. Moreover, in the type Leonard, Schwagerina 
occurs near the base, whereas in the Bone Spring it occurs near the 
top, high above the lowest occurrence of Parafusulina. The most 
abundant ammonoids of the Bone Spring, Paraceltites elegans Girty, 
Texoceras texanum (Girty), and Peritrochia erebus Girty do not occur 
in the Leonard formation of the Glass Mountains. However, a few 
specimens of Perrinites and Propinacoceras belonging to the same 
species as those in the Glass Mountains, have been collected from the 
Bone Spring. 

GUADALUPE SERIES 
GENERAL FEATURES 


The Guadalupe series in the Glass Mountains consists of the Word 
formation below, followed by a complex of deposits that are divided 
into the Altuda formation, the Capitan limestone, and the Gilliam 
limestone. 

The Word formation ranges from 1,000 to 1,500 feet thick. Its base 
is formed by a persistent limestone layer (first limestone member). 
As in the Leonard series, the main mass of the formation in the western 
part of the mountains consists of siliceous shales, sandstones, and thin 
limestones. These were probably deposited near the margins of the 
Delaware basin. Farther east, the formation consists largely of lime- 
stone, which was deposited in the reef and back-reef (shelf) area (Fig. 
2B). 

Similar facies occur in the beds above. The Altuda formation in the 
western part of the mountains consists of siliceous shales and thin 


208 R. E. King, op. cit. (1931), pp. 11 and 14-15. The relations are also summarized 
in P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bull. Geol. Soc. America, 
Vol. 45 (1934), Pl. 105, p. 762, and Pl. 106, p. 772. 
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limestones that were laid down near the margins of the Delaware 
basin. The Capitan limestone in the central part of the mountains is a 
reef deposit, and the Gilliam limestone in the eastern part a back-reef 
(shelf) deposit. Each formation grades into the other, and all are ap- 
proximately of the same age. The trend of the Capitan reef zone is 
northeastward. 


TABLE V 


CLASSIFICATION USED IN SEVERAL REPORTS FOR GUADALUPE AND OCHOA 
SERIES IN GLAss MOUNTAINS 


P. B. King, 1931 P.B.King, 1938 
Western | Eastern Western | Eastern Western Eastern 
Glass Glass Glass Glass Glass Glass 
Mts. Mts. Mts. Mts. Mts. Mts. 
‘essey (hiatus) Tessey (hiatus) Tessey (hiatus) Tessey 83 
formation member limestone limestone 8 5 
§ 
“1: Upper 3 Vidrio Gilliam 
massive | Gilliam | massive thin- Capitan 
member | member | & member | bedded § limestone Gilliam 
lime- 
Altuda = || Altuda = || Altuda 
member | Vidrio | 8 shaly Vidrio | § || formation 2 
Vidrio member | member | massive 2 
b 
formation Lower Vidrio Capitan | 3 
massive massive limestone | & 
member member Os 
Vidrio 
limestone 
Word Word formation Word formation Word member 
formation (with four limestone (with four limestone formation 
members) members) (Four 
limestone 
members) 


The classification of the higher Guadalupe beds used in this paper 
differs somewhat from that used in previous reports, as indicated by 
Table V shown on this page. All the beds of upper Guadalupe age 
were previously placed in the Capitan limestone, a chronologic unit 
that included the Altuda, Vidrio, and Gilliam members.” In the 
present paper, the name Capitan is restricted to that part of the former 
Vidrio member, or reef facies, that is upper Guadalupe (post-Word) 
in age, and both it and the Altuda and Gilliam are given the rank of 
formations.*!° This change brings usage in the Glass Mountains into 
harmony with that of the type area of the Capitan in the Guadalupe 


209 P. B. King, “Geology of the Marathon Region, Texas,’’ U. S. Geol. Survey Prof. 
Paper 187 (1938), pp. 104-106. 

210 This classification is also adopted by F. E. Lewis, “Position of San Andres 
Group, West Texas and New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 25 (1941), 
pp. 81-82. 
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Mountains, where the name is restricted to a lithologic unit, the reef 
facies. In this report, the Vidrio is restricted to that part of the former 
Vidrio member which is believed to be middle Guadalupe in age, and 
it is classed as a member of the Word formation. 


NEW INTERPRETATIONS 


Possible equivalent of Manzanita limestone member of the Cherry 
Canyon formation.—In the western Glass Mountains, the Word forma- 
tion above the first limestone member is a mass of shales and thin 
limestones. In its upper part, not far beneath the Capitan limestone, 
are some beds of yellowish or greenish, porous, earthy limestone.*" 
These closely resemble the Manzanita limestone member near the top 
of the Cherry Canyon formation in the Guadalupe Mountains. They 
may be of about the same age, for Miller and Furnish?” have identified 
from them (bed 9g, section 10) Pseudogastrioceras and Cibolites. The 
last-named ammonoid characterizes the higher Guadalupe (post- 
South Wells) beds in the Guadalupe Mountains. Moreover, in the 
Glass Mountains the overlying Capitan and Altuda formations con- 
tain Polydiexodina and other upper Guadalupe fossils. 

lf the characteristic limestones of the Manzanita member are 
present, do they contain interbedded layers of volcanic ash, as they do 
in the Guadalupe Mountains? No volcanic ash layers have been re- 
ported in the Glass Mountains, from this or other horizons, but further 
search for such beds is desirable. 

Vidrio limestone member of Word formation.—In the central Glass 
Mountains, tongues of thick-bedded limestone appear in the Word 
formation, and constitute four limestone members, separated by shaly 
beds. The members thicken and coalesce eastward at the expense of 
the shales, and in the eastern part of the mountains the formation is 
almost entirely limestone. The four limestone members have been 
interpreted as sheets or banks, rather than true reefs.” In this paper, 
however, it is suggested that the upper part of the formation changes 
into a reef mass, the Vidrio, that was formerly considered to be post- 
Word in age, and to be part of the Capitan limestone. 

This change in the upper beds takes place between Gilliland and 
Hess canyons. Here, the Vidrio dolomitic limestones form the crest 
of an escarpment that lies north of a lowland carved from shales and 
thin limestones of the Word. On the face of the escarpment, and in 

P, B. King, ‘Geology of the Glass Mountains, Part 1, Descriptive Geology,’ 
Univ. Texas Bull. 3038 (1931), bed 19, section 12, p. 70; bed 9, section 10, p. 134. 

212 A. K. Miller and W. M. Furnish, op. cit. (1940). 


*18 P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,” Bu/l. Geol. Soc. 
America, Vol. 45 (1934), P- 739- 
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canyons that indent it, the Vidrio may be observed to consist of in- 
clined, massive beds that slope northwestward, and whose lower ends 
flatten, thin, and intergrade with the shales and limestones below.?"* 
These features are identical with those described in the Capitan reef 
deposits of the western Glass Mountains,” where the inclined beds 
interfinger northwestward with Altuda fore-reef deposits. Near Gilli- 
land and Hess canyons, however, the fore-reef deposits are not Altuda 
(the Altuda has here changed to reef facies), but the somewhat older 
beds in the upper part of the Word formation. In this area, the reefs, 
as well as the fore-reef deposits, are therefore of Word age. 

Between Gilliland and Hess canyons, the reef beds of Word age 
probably make up the lower, or southeastern part of the unit formerly 
mapped as Vidrio. East of Hess Canyon, they may constitute the 
whole of it, for in this direction the upper or northwestern part changes 
into the thin-bedded, back-reef Gilliam limestone. These conclusions 
await paleontological proof, because no diagnostic fossils have been 
collected and identified from the reef beds of the central Glass Moun- 
tains. The conclusions appear to be certain enough, however, to justify 
separation of the former Vidrio massive member of the Capitan lime- 
stone into two parts, an older Vidrio limestone member of the Word 
formation, and a younger part to which the name Capitan limestone 
is now applied. 

Beds of upper Guadalupe age in eastern Glass Mountains.—If the 
conclusions just outlined are correct, the beds of upper Guadalupe 
age in the eastern Glass Mountains are much more restricted than 
they were thought to be in 1931, when they were supposed to include 
the Vidrio, Gilliam, and Tessey limestones. The Tessey has already 
been shown to be probably younger,” and this paper suggests that the 
Vidrio is older. In the eastern Glass Mountains, beds of upper Guada- 
lupe age are therefore probably confined to the Gilliam limestone. 

Subsurface relations.—In 1931, a correlation was suggested between 
the upper Permian beds of the Glass Mountains, and those penetrated 
in the Vacuum Oil Company’s Elsinore well No. 1, on the northeast, 
in Pecos County (well 30, E-IV, Pl. 1).*"” The lithologic resemblance 


214 The inclined beds in the Vidrio in this area were first mentioned by P. B. King, 
“Geology of the Glass Mountains, Part 1, Descriptive Geology,” Univ. Texas Bull. 
3038 (1931), p. 79, but their intergradation with the Word was first pointed out by 
F. E. Lewis, of. cit. (1941), p. 91. 

215 P, b. King, of. cit. (1931), p. 79. 

216 P, B. King, “Geology of the Marathon Region, Texas,’’ U. S. Geol. Survey Prof. 
Paper 187 (1938), p. 106. 

217 P, B. King, “Geology of the Glass Mountains, Part 1, Descriptive Geology,” 
Univ. Texas Bull. 3038 (1931), p. 78 and Pl. 14. 
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between the two sequences is strong, and the correlation appears to 
be still valid. Since that time, the sequence in the Vacuum well has 
been correlated with considerable certainty with the sequence recog- 
nized in the oil fields farther northeast. Geologists may disagree as to 
specific depths to the boundaries of their units, but agree as to general 
relations. In Table VI, the correlation of part of the sequence in the 
well with that in the Glass Mountains by the writer, is compared with 
a correlation with the oil fields by J. M. Hills.*!® . 


Queen 2,080-2, 500 


TABLE VI 
P. B. King, 1931 J.M. Hills, 1940 
© | Dolomite 950-1, 150* Rustler 925-1, 150 gu 
Anhydrite and Salado 1,150-1,710 
AE dolomite 
= I, 150-1 ,930 Tansill 1, 710-1925 | 
o 
Yates 1,925-2,080 
Gilliam limestone | 
1930-2, 880 Seven Rivers and | = 


Grayburg 2, 500-2, 880 


* Depths in feet. 


Table VI suggests that the Gilliam limestone is nearly the same as 
the subsurface Whitehorse group. However, if the correlations given 
are correct, the tops of the Gilliam and Yates formations are approxi- 
mately the same, so that the equivalent of the Tansill formation at the 
top of the Whitehorse group would lie in the basal part of the Tessev 
limestone. If further work should prove this correlation to be correct, 
and if a traceable contact could be found in the lower part of the 
Tessey, the Gilliam should be redefined to include the Tansill equiva- 
lent that appears to form the lower part of the Tessey as now mapped. 


CORRELATION WITH GUADALUPE MOUNTAINS SECTION 


Introduction.—The Word, Altuda, Capitan, and Gilliam formations 
appear to be equivalent to the Guadalupe series (Delaware Mountain 


218 J. M. Hills, letter of February, 1940. Few, if any, geologists in West Texas, will 
disagree with Hills’ identification of the Rustler, Salado, and Tansill formations in 
the Vacuum’s Elsinore well. The classification of units below the top of the Yates, how- 
ever, is not so generally accepted. According to one interpretation, the whole section 
penetrated in this well, from 1,710 feet to the total depth of 4,480 feet, is Guadalupe in 
age. A limestone member extending from approximately 2,880 feet to approximately 
3,050 feet is correlated with the Vidrio limestone member of the Word, which is pre- 
sumably the equivalent of the Goat Seep formation of the Guadalupe Mountains. This 
unit is tentatively correlated with the Grayburg formation of the subsurface section.— 
Editorial note. 
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group and equivalent formations) in the Guadalupe Mountains. They 
contain many of the same genera and species of fusulinids, brachio- 
pods, ammonoids, and other fossils, and these occur in about the same 
stratigraphic order in both areas. Thus, both the Word, and the 
Brushy Canyon and Cherry Canyon, contain Parafusulina and 
W aagenoceras, whereas in both areas the beds above contain Polydiexo- 
dina and Timorites. Nevertheless, some uncertainty exists as to precise 
correlations, as indicated in the following paragraphs. 

Correlation of lower part of Word formation.—The greatest doubts 
regarding correlation with the Guadalupe Mountains section relate 
to the lower part of the Word formation, including the first limestone 
member. In this paper, these beds are tentatively correlated with the 
Brushy Canyon formation or lower part of the Guadalupe series, but 
other geologists have suggested different correlations. 

Both the first limestone member of the Word formation and the 
Brushy Canyon formation lie on beds containing such characteristic 
Leonard fossils as Productus ivesi Newberry and Perrinites hilli 
(Smith). The faunas of both appear to be more closely related to the 
beds above than to those below, Miller and Furnish”!® have identified 
Waagenoceras from three places in the first limestone member (R. E. 
King’s localities 132, 173, and 251), and this genus attains its greatest 
development higher in the Word formation. R. E. King”® cites 54 
species of brachiopods from the first limestone member, and analysis 
of his data indicates the following relations. 

Species ranging through both Leonard and Word formations.................... 19 


Species found in Leonard and extending no higher than first limestone member. . . . 10 
Species found higher in Word formation and extending no lower than first limestone 


Some of the other evidence is, however, uncertain or contradictory. 
Thus, in the Glass Mountains, neither a change in sedimentation or 
an unconformity occurs near the base of the Word formation which is 
comparable to that at the base of the Guadalupe series in the Guada- 
lupe Mountains. Moreover, the Word formation is 1,000—1,500 feet 
thick, whereas the supposedly equivalent Brushy Canyon and Cherry 
Canyon formations are 2,000 feet or more thick. Also, the fusulinids 
of the first limestone member do not include Parafusulina rothi 
Dunbar and Skinner, and other large species of the genus, such as are 
abundant in the Brushy Canyon formation; these species first appear 


219 A. K. Miller and W. M. Furnish, of. cit. (1940), p. 14. Also letter of March, 1939. 


220 R, E. King, op. cit. (1940), p. 10. The list given on the page cited is incomplete, 
and the data used here have been compiled from the systematic descriptions in the 


paper. 
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higher in the Word formation. By contrast, in the Guadalupe Moun- 
tains Waagenoceras has so far been found no lower than the South 
Wells member of the Cherry Canyon formation. 

Alternative correlations to the one used here have been suggested 
by Lewis”! and Mohr.” Lewis would draw the base of the Guadalupe 
series below the base of the Word formation, at the supposed un- 
conformity at the top of the Hess limestone member of the Leonard 
formation. Mohr would draw it above the base of the Word formation 
and above the first limestone member. He suggests that an unconform- 
ity separates the lower from the upper part of the Word formation. 

Lewis’s correlation can not be accepted because of the occurrence 
of characteristic Leonard brachiopods and ammonoids above the un- 
conformity at the top of the Hess limestone member, and because of 
their absence from the Brushy Canyon formation of the Guadalupe 
Mountains. Mohr’s correlation has much more to recommend it. It 
harmonizes with the fusulinid evidence better than the correlation 
here used. Also, it would make the first limestone member approxi- 
mately equ:valent to the Victorio Peak gray member of the Bone 
Spring. The brachiopods and ammonoids of the two are dissimilar, but 
the units are lithologically similar and indicate much the same physical 
history. 

The uncertainty regarding the correlation of the lower part of the 
Word formation affects the larger problem of definition of the series 
into which the Permian is divided. The type area of the Leonard series 
is in the Glass Mountains and the type area of the Guadalupe series 
is in the Guadalupe Mountains. For precise definition of the series, 
the boundary between them should be accurately correlated between 
the two areas. As indicated above, however, uncertainty now exists re- 
garding the correlation so that further study is desirable. If the cor- 
relation should be revised in the future, it would be best to redefine the 
top of the Leonard series in the Glass Mountains to agree with the 
base of the Guadalupe series in the Guadalupe Mountains. The base 
of the Guadalupe series in those mountains represents a marked break 
or physical change that appears to extend also into other regions. 

Correlation of middle and upper parts of Word formation.—The 
middle and upper parts of the Word formation, including the third 
and fourth limestone members, are rather certainly equivalent to the 
Cherry Canyon formation and related beds, of middle Guadalupe age, 
in the Guadalupe Mountains. In both areas, this part of the section 


221 F, E. Lewis, op. cit. (1941), pp. 91-92. 
22 C, L. Mohr, “Subsurface Cross Section of Permian from Texas to Nebraska,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), pp. 1694-1711. 
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contains large numbers of identical brachiopod species.”* The am- 
monoids of the third limestone member described by Bése™ include 
Waagenoceras, and closely resemble those of the South Wells mem- 
ber.® The fusulinids include Parafusulina rothi Dunbar and Skinner, 
and other large, highly developed species of the genus,”* which occur 
also in the Brushy Canyon formation and lower part of the Cherry 
Canyon formation. 

From the middle part of the Word formation (probably the third 
limestone member), Newell?’ has described the pelecypods Avi- 
culopecten girtyi Newell, A. gryphus Newell, Acanthopecten colo- 
radoensis (Newberry), Annulioconcha sp., Girtypecten sublaqueatus 
(Girty), and Camptonectes? sculptilis Girty?. The fifth and sixth of 
these species occur also in the Capitan limestone of the Guadalupe 
Mountains. The first occurs also in the Manzano group of New 
Mexico, and the third in the Kaibab limestone of Arizona. 

R. E. King”* has pointed out that the brachiopods of the fourth 
limestone member of the Word formation are very similar to those in 
the “upper dark limestone” (Pinery member of Bell Canyon forma- 
tion) of the Guadalupe Mountains. The Pinery and fourth limestone 
members are probably not far apart in age, but the fourth limestone 
member is probably a little older than the Pinery. It contains Para- 
fusulina, middle Guadalupe in age, whereas the Pinery member con- 
tains the more advanced fusulinid genus Polydiexodina, upper Guada- 
lupe in age. 

Correlation of Altuda, Capitan, and Gilliam formations——The 
Altuda, Capitan, and Gilliam formations of the Glass Mountains 
probably correspond to the Bell Canyon, Capitan, and Carlsbad 
formations, of upper Guadalupe age in the Guadalupe Mountains. The 
Altuda and Gilliam formations contain the fusulinids Polydiexodina, 
Leélla, and Codonofusiella,”® which characterize the upper part of the 
Guadalupe series in the Guadalupe Mountains. The Altuda formation 
contains the ammonoids Paraceltites, Pseudogastrioceras, and Timor- 

223 This is suggested by the table of P. B. King in “Permian Stratigraphy of Trans- 
Pecos Texas,’’ Bull. Geol. Soc. America, Vol. 45 (1934), Pl. 106, p. 772. The table was, 
however, prepared before the abundant brachiopods of the limestone members of the 


Cherry Canyon formation were known. Fossils listed in manuscript by G. H. Girty 
from these members appear to show even closer resemblances. 


224 Emil Base, op. cit. (1919), p. 18. 

225 A. K. Miller and W. M. Furnish, of. cit. (1940), pp. 14-15. 
226 C, O. Dunbar and J. W. Skinner, of. cit. (1937), p. 586. 

27 N. D. Newell, op. cit. (1937); R. E. King’s locality T240. 
228 R. E. King, op. cit. (1931), p. 12. 

229 C. O. Dunbar and J. W. Skinner, of. cit. (1937), pp. 717-18. 
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ites.° The latter genus does not extend below the upper part of the 
Guadalupe series. All the brachiopods of the Altuda, Capitan, and 
Gilliam formations are present in the upper part of the Guadalupe 
series in the Guadalupe Mountains, but most of them are long- 
ranging species. 

Comparison of the faunas in these upper beds is hindered by the 
fact that fossils in the Glass Mountains are rarer and less well pre- 
served than those in the Guadalupe Mountains. Most of the limestones 
in the Glass Mountains are dolomitized, and have yielded only small, 
scattered collections. Few.or no calcitic limestones are present, such 
as those which have yielded large collections from the Capitan lime- 
stone in the Guadalupe Mountains. 


OCHOA SERIES 
TESSEY LIMESTONE 


The Tessey limestone, at the top of the Permian sequence in the 
Glass Mountains, is an obscurely bedded, nondescript, dolomitic 
limestone about 1,000 feet thick, whose facies resembles that of beds 
laid down in the back-reef area in the nothern Guadalupe Mountains. 
It may be at least in part the calcareous equivalent of some of the 
evaporites of the Ochoa series farther north.”*! 

The relations of the Tessey to the Ochoa series are suggested by 
the correlation of the formation with the sequence in the Vacuum 
Oil Company’s Elsinore well No. 1, shown in Table VI (page 658). 
From this table, it would appear that the formation includes equiva- 
lents of the Rustler and Salado formations of the Ochoa series and of 
the Tansill formation of the underlying Whitehorse group. If the 
Tessey includes the Salado equivalent, lying directly on the Tansill 
equivalent, there is a hiatus between them representing lower Ochoa, 
or Castile time. No evidence of such a break has been seen on the out- 
crop, but it probably would be obscure. If the suggested correlations 
are proved correct, and an unconformity of the sort suggested is found 
in the lower part of the Tessey, it should be redefined to exclude the 
Tansill equivalent. 

Further search should be made for fossils in the Tessey limestone. 
At one locality, R. E. King™? obtained large numbers of a pelecypod 


230 A. K. Miller and W. M. Furnish, op. cit. (1940), p. 15. 


281 J. E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), Pp. 1019. 
P. B. King, “Geology of the Marathon Region, Texas,” U. S. Geol. Survey 
Prof. Paper 187 (1938), p. 106. 


282 R, E. King, op. cit. (1931), locality 267, p. 137. 
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believed to be Pleurophorus.*> Along with the shells from the Rustler 
limestone, these constitute the whole known fauna of the Ochoa 
series, and appear to be the youngest Permian fossils in the United 
States. 
SUBSURFACE RELATIONS 

As already indicated, the Delaware basin probably lay not far 
northwest of the present outcrops in the Glass Mountains, and in this 
direction, the Castile formation may come in, just as it does in the 
basin in the Guadalupe Mountains region. In The Pure Oil Company’s 
Harrison well No. 1, and the Humble Oil and Gas Company’s Koker- 
not well No. 1, drilled in this area (wells 22 and 8, D-IV, Pl. 1), nearly 
3,000 feet of anhydrites intervene between the Rustler and beds prob- 
ably Guadalupe in age.”*4 This thickness is comparable with that of the 
evaporites of the Castile and Salado formations in the basin area 
farther north, so that equivalents of both units are probably present. 


TRIASSIC 
BISSETT CONGLOMERATE 


The Bissett conglomerate, when first described,”= was considered 
to be of Permian age, but was shown to be separated from the Permian 
limestones below, and from the Cretaceous above by unconformities. 
Subsequent study of vertebrates and plants from one locality in the 
formation demonstrates, however, that they are Triassic in age,”** and 
the Bissett is now so classified. 

As pointed out in earlier publications, however, some of the ex- 
posures toward the northwest that have been mapped as Bissett may 
actually be much younger and belong to the basal Cretaceous 
(Trinity). Consequently, the Bissett has been referred to the Cretaceous 
in a number of publications.”” The occurrence of these Cretaceous beds 
is summarized as follows by Adams. 


233 Fossiliferous rock from this locality was recently sent to Norman D. Newell who 
reported that the shell material is well preserved but that removal of specimens from 
the rock for the purpose of identification proved impossible.—Editorial note. 

24 R. L. Cannon and Joe Cannon, “Structural and Stratigraphic Development of 
South Permian Basin, West Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932), 
Fig. 2, p. 195. 

235 P. B. King, “The Bissett Formation, a New Stratigraphic Unit in the Permian 
of West Texas,’’ Amer. Jour. Sci., 5th Ser., Vol. 14 (1927), pp. 219-21. 


236 , “Age of Bissett Conglomerate,” Bull. Amer. Assoc. Petrol. Geol., Vol. 


19 (1935), PP. 1544-46. 

237 Robert Roth, ‘‘Evidence Indicating the Limits of Triassic in Kansas, Oklahoma, 
and Texas,”’ Jour. Geol., Vol. 40 (1932), p. 701. 

J. E. Adams, of. cit. (1935), p. 1022. 

C. T. Jones, ‘Cretaceous and Eocene Stratigraphy of Barrilla and Eastern Davis 
Mountains of Trans-Pecos Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p. 
1429. 
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M. B. Arick and I found some Chara, which we regard as of Glen Rose age, in 
a shale near the base of the conglomerate section on the easternmost of the 
two parallel hills north of Bissett Mountain, and I understand that similar 
fossils have been found in the pink shaly limestone in the large Bissett hill 
west of the Hord Ranch. In the subsurface, we find Chara in the limestone 
conglomerates just on top of the Capitan in two wells on the Hovey anticline. 


CHAPTER FIVE 


REGIONAL CORRELATIONS 


INTRODUCTION 
PURPOSE OF CHAPTER 


Chapter Five takes up areas farther afield than the preceding ones, 
which have dealt only with local geology in the Guadalupe and Glass 
mountains areas. In this chapter, the Permian sequences in those 
areas are correlated with sequences elsewhere in the West Texas 
region. The correlations thereby established serve as a basis for the 
succeeding and final chapter, which deals with paleogeography and 
geologic history.” 

TERMINOLOGY 


Provinces of West Texas Permian.—In this and the final chapter, 
use will be made of a geographical subdivision of the Permian rocks 
of the region, based on contrasting facies, sequences, and structure in 
different areas. These areas, or provinces, have more or less distinct 
boundaries, and were the dominant features of Permian time. One of 
the provinces, the Delaware basin, has already been discussed in 
previous chapters. Reference has also been made to the adjacent shelf 
and platform areas, which belong to separate provinces. Other basins, 
shelves, and platforms, each with its own characteristic set of de- 
posits, extended over the rest of the West Texas region. These are 
indicated in Plate 1 and Figure 18, and are listed in Table VII. 

Stratigraphic terminology.—The most important problem in Perm- 
ian nomenclature is to devise some method of expressing time relations 
throughout the West Texas region, regardless of the numerous and 
abrupt changes in lithologic facies. This appears to be satisfactorily 


2378 Shortly before this paper was published, two other papers dealing with the 
subject matter of Chapters Five and Six appeared: 

J. M. Hills, “Rhythm of Permian Seas—a Paleogeographic Study,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 26 (1942), pp. 217-55. 

R. E. King ef al., “Resume of Geology of South Permian Basin, Texas and New 
Mexico,” Bull. Geol. Soc. America, Vol. 53 (1942), (in press). 

The latter paper was not seen by the writer before publication of his own. 
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666 PHILIP B. KING 
TABLE VII 
Co-or- 
. dinates ‘ace In- 
Name Location ais Outcrops ‘forma- Other Usage 
Plate 1 tion 
I. BASINS 
Marfa basin | Within trans- | C-IV | Only scattered | Poor | Proposed by 
Pecos moun- | C-V_ | exposures of Lahee! 
tain area Permian rocks 
Delaware Delaware C-III | Outcrops in Good | Delaware sand 
basin Mountains D-III | Delaware basin (Blanch- 
eastward across | D-IV | Mountains and ard and Davis)? 
Pecos River Rustler Hills Delaware 
Mountain basin 
(Willis)* 
Midland basin | Beneath Llano | F-II_ | No outcrops Good | Main West 
Estacado F-IIT Texas Permian 
basin (Willis)* 
Main Permian 
basin (Cart- 
wright)* 
2. CHANNELS 
Hovey channel] Between Marfa | D-IV | Outcrops of up- | Poor | Newly proposed 
and Delaware per beds north- 
basins west of Glass 
Mountains 
Sheffield chan-| Between Dela- | E-IV | No outcrops Fair | Named by Can- 
nel ware and Mid- non and Can- 
land basins non 
3. PLATFORMS 
Diablo plat- | Within trans- | B-III | Extensive out- | Poor | Western _ plat- 
form Pecos moun- | C-IV | crops in Hueco, form (Cannon 
tain area; be- Diablo, and and Cannon)® 
tween Marfa Apache moun- 
and Delaware tains 
basins 
Central Basin | Beneath Llano | E-II_ | No outcrops Good | Named by Cart- 
platform Estacado and | E-III wright! Pecos 
Pecos Valley; uplift (Sellards)® 
between Dela- 
ware and Mid- 
land basins 


1F. H. Lahee, ‘Contributions of Petroleum Geology to Pure Geology in the Southern Mid-Continent 
Area,” Bull. Geol. Soc. America, Vol. 43 (1932), Fig. 2. 


2 W. G. Blanchard and M. J. Davis, ‘Permian Stratigraphy and Structure of Parts of Southeastern 
New Mexico and Southwestern Texas,” Bull. Amer. Assoc Petrol. Geol., Vol. 13 (1929), Fig. 8, p. 901. 


3 Robin Willis, “Structural Development and Oil Accumulation in Texas Permian,” ibid., Fig. 1, 


p. 1034. 


___4L.D. Cartwright, ‘Transverse Section of Permian Basin, West Texas and Southeast New Mexico,” 
ibid., Vol. 14 (1930), Fig. 1, p. 971. 
5 R. L. Cannon and Joe Cannon, “Structural and Stratigraphic Development of South Permian Basin, 
West Texas,” ibid., Vol. 16 (1932), Fig. 4, p. 190. 
6 E. H. Sellards, “Structural Geology of Texas East of Pecos River,” in “The Geology of Texas, Vol. 


2,” Univ. Texas Bull. 3401 (1935), p. 106. 
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TABLE VII—Continued 


Subsur- 
. inates face In- 
Name Location i. Outcrops ‘forma- Other Usage 
Plate 1 tion 
4. OTHER SHELF AREAS 
Northwestern | New Mexico | B-I Extensive out- | Good | Newly proposed 
Shelf area | mountain area | C-I crops in moun- 
and Llano Es- | D-I tain areas and 
tacado Pecos Valley 
Southern Shelf} Glass Moun-}| D-IV | Outcrops in Fair | Fort Lancaster 
area tainsandsouth-| E-IV | eastern Glass platform 
ern Edwards | F-IV | Mountains (Lewis)? 
Plateau 
Eastern Shelf] | East side of | G-II | Outcrops in Good | Eastern plat- 
area Llano Estacado | G-III | central Ter s form (Cannon 
G-IV and Cannon)> 


7F. E. Lewis, “Position of San Andres Group, West Texas and New Mexico,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 25 (1941), Fig. 1, p. 76. 


provided for by use of the series into which the system is now divided.** 

In this paper, the series names are applied only to the Delaware 
basin and adjoining shelf areas, including the vicinity of the Guadalupe 
and Glass mountains. Pending the perfection of correlations with ad- 
joining provinces, many of which remain uncertain, they are not used 
as definite units elsewhere. In discussing the adjoining provinces, how- 
ever, frequent reference will be made to “beds of Leonard age,” “‘beds 
of Guadalupe age,” and so on. 

Within the framework of the series, the names of lithologic units 
serve a useful purpose for expressing local stratigraphic peculiarities 
and facies. The main problem in using lithologic names is how far they 
should be extended beyond the areas in which they were originally 
described, and where other sets of names should be substituted for 
them. This has become important in recent years, now that drilling 
has demonstrated that nearly all the relatively isolated areas of out- 
crop are connected underground by continuous sheets of strata. 

In general, whether on the outcrop or in subsurface, it seems best 
to change from one set of names to another near the greatest changes 
in facies, and where one group of deposits and marker horizons ends, 
and another begins. Thus, units in the Delaware basin, whose names 
are derived from outcrops in the Guadalupe Mountains region, can not 
be extended very far into the adjacent shelf areas. 


288 J. E. Adams et a/., “Standard Permian Section of North America,’’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 23 (1939), pp. 1673-81. 
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In subsurface work outside the Delaware basin, some departures 
from the ideal rules have been necessary, for the sake of convenience, 
and to harmonize with previous usage. Thus, the name San Andres 
has been extended over considerable parts of the West Texas region 
from the outcrops of the unit in New Mexico, and some geologists 
have used it for equivalent beds in the central Texas and Mid- 
Continent areas. On the other hand, the succeeding beds are termed 
the Whitehorse group, after exposures in Oklahoma. However, the 
formations into which the group is divided in West Texas are named 
from New Mexico outcrops.”® 

In central Texas, an extensive revision of earlier nomenclature 
has recently been proposed by Cheney (column g A, Pl. 2, folded 
insert). All or part of this will no doubt come into general use by 
geologists working in the region, but for purposes of this paper, and 
pending such general use of Cheney’s proposals, the older classification 
as used by Sellards™! is retained. However, the name {Double Moun- 
tain group, which has been applied to the upper part of the section for 
many years, is now abandoned, and part of the former unit is classed 
under the Whitehorse group. 


METHODS OF CORRELATION 


Introduction —In the Permian system of West Texas, with its 
varied rocks and faunas, and rapid changes from one facies to another, 
many obstacles must be overcome in making correlations. All possible 
evidence, whether physical or paleontological, should therefore be 
gathered and considered. It is desirable to evaluate the different classes 
of evidence, and the uses which can be made of them. 

Physical methods—Physical correlation includes tracing of beds, 
matching of sections, and the use of unconformities, volcanic ash 
layers, and other evidence. 

Of these, the first will always play a dominant part in correlating 
Permian rocks. It can be accomplished on the surface by mapping 


239. R. K. DeFord and E. R. Lloyd, “Editorial Introduction’’ (to West Texas-New 
Mexico symposium), Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 7—I0. 


240 M. G. Cheney, “Geology of North-Central Texas,’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 24 (1940), Fig. 1, p. 66. 


241 E. H. Sellards, “The Pre-Paleozoic and Paleozoic Systems,”’ in “The Geology 
of Texas, Vol. 1,’’ Univ. Texas Bull. 3232 (1933), pp. 165-80. 

By using the classification of Sellards rather than Cheney, no preference for either 
is intended, as implied by DeFord and Lloyd in their foreword (p. 534). It is intended 
rather to make no commitments until the newly proposed usage becomes stabilized. 
Geological Survey authors customarily do not prepare changes in survey usage for 
regions with which they are unfamiliar, except to recommend acceptance of terms that 
have become established by long usage. Examples of such changes in this report are the 
abandonment of the terms fChupadera and {Double Mountain, and classing the 
Whitehorse as a group. 
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the outcropping beds, and its most successful application has been in 
correlating Permian rocks along the wide belt of outcrop that extends 
through the Mid-Continent area from Texas to Kansas.” In the 
trans-Pecos mountain area, however, outcrops are interrupted and 
beds can not be traced on the surface from one district to another. 
Here, the method has a local, but not a regional value. 

Tracing of beds can also be accomplished in subsurface, by match- 
ing horizons and sequences from well to well. Its degree of accuracy 
increases with closer spacing of the wells. It will be most accurate in 
beds nearest the surface, penetrated by most wells, and least accurate 
in lower beds, that are penetrated only by the deeper wells. Inaccu- 
racies in correlating the lower beds also occur because they are likely 
to be penetrated only in the shelf areas, and not in the intervening 
basins, where they lie deeper and assume a different facies. 

In West Texas and southeastern New Mexico, subsurface tracing 
of beds is of great value in correlating the rocks exposed on the east 
and west sides of the Llano Estacado, and the results will continue to 
be perfected with further drilling. At present, the most accurate east- 
to-west correlations have been made in the north, where the inter- 
vening synclinal structure is gentle.” Here, the upper beds can be 
followed in considerable detail from the Eastern Shelf area, across the 
north end of the Midland basin, to the Northwestern Shelf area. Even 
here, however, the lower beds are still incompletely known in the 
deeper-lying areas. Farther south, more difficulties are encountered, 
because of the greater relief of the tectonic units, and greater con- 
trasts between the facies. The lower beds in the Delaware basin and 
some other areas pass below the present reach of drilling so that they 
are almost unknown. The higher beds, on approaching the Delaware 
basin, change so greatly in character that it is difficult to find horizons 
that can be traced through. 

Matching of sections, and comparing thicknesses and lithologic 
sequences in different areas are not of great value in correlating the 
Permian rocks. Such methods were tried several times during the 
earlier work in the region, especially to establish a correlation between 
West Texas and the Mid-Continent area, and gave wholly erroneous 
results. The use of volcanic ash or bentonite layers in correlation is 

242 As suggested by the Geologic Map of the United States (U.S. Geol. Survey, 1932). 


243 R. I. Dickey, “Geologic Section from Fisher County through Andrews County, 
Texas, to Eddy County, New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), 
PP. 37-51; cross section issued separately. 

24R, S. Tarr, ee of the Guadalupe Mountains,” Texas Geol. Survey 
Bull. 3 (7892), PP. 32-3 

J. W. Beede, The ‘Correlation of the Guadalupian and the Kansas Sections,” 
Amer, Jour. Sci. 4th Ser., Vol. 30 (1910), Fig. 1, p. 133, and pp. 137-38. 
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of greater promise. One would expect individual ash falls to have been 
laid down widely over the region, and not to have been as much in- 
fluenced by local facies as the other deposits. At present, however, 
not enough work has been done on them. Several beds are encountered 
in nearly all sections, and it is not known whether the characteristic 
features of each are distinctive enough for them to be differentiated 
and traced. 

Tracing of unconformities and sheets of clastic material through 
the region has been attempted a number of times in the past, but with 
indifferent results, and some interpretations that have been made re- 
garding them have afterward been discarded. These earlier difficulties 
should not, however, condemn the method itself, for many of them 
can be disposed of by a better understanding of the stratigraphic 
features of the area. Sheets of clastic rocks are likely to be interrupted 
by limestone deposits in the higher areas, and unconformities may be 
obscured where the rocks above and below are of similar facies. In 
describing the rocks of the Guadalupe Mountains section, unconformi- 
ties were indicated at the bases of the Wolfcamp, Leonard, Guadalupe, 
and Ochoa series. Later, it was shown that at least the first two of 
these, and probably the fourth, are present in the Glass Mountains, 
many miles away. The unconformities at the bases of the Guadalupe 
and Ochoa series show an increasing time hiatus away from the 
Delaware basin, and one would expect them to be of even greater 
magnitude inland in the shelf areas, where there was less subsidence. 

Paleontological methods.**—Correlation by means of fossils is a de- 
sirable objective in any system of rocks, but in the Permian many 
difficulties are encountered. Some of these will be cleared away as 
further studies are made, but the possible influence of facies upon the 
faunas, and the absence of fossils (or at least of any diagnostic species) 
in certain beds will continue to plague the stratigrapher. 

The brachiopods, mollusks, and other invertebrates found in the 
Guadalupe and Glass mountains sections, and elsewhere in the Dela- 
ware basin, constitute a rich and varied fauna, and probably existed 
under very favorable marine conditions. Between sections in the 
Delaware basin, fairly satisfactory correlations can be made on the 
basis of such faunas. The faunas of the Delaware Basin area do not, 
however, extend unchanged into other regions. Not far away north, 
northwest, and northeast, toward the interior of the continent, large 
numbers of species, genera, and even whole groups drop out, so that 
the faunas. even of beds contemporaneous with those of the Delaware 


24 See also, C. O. Dunbar, ‘Permian Faunas: A Study in Facies,’’ Bull. Geol. Soc. 
America, Vol. 52 (1941), pp. 313-32. 
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basin, are much more monotonous and nondescript. Evidently the 
environment in these regions was not as favorable to marine life as 
was that in the Delaware basin. 

Among the characteristic fossils which do not persist away from the 
Delaware basin are such strangely modified brachiopod genera as 
Prorichthofenia and Leptodus. Also, in the Northwestern Shelf area of 
New Mexico, the rocks of the Manzano group contain only a few 
ammonoids, although many of the characteristic productids and other 
brachiopods of the Delaware Basin area are present. On the other hand, 
in the Eastern Shelf area, few brachiopods are present in most of the 
section, and ammonoids are abundant in some beds. 

These variations of different groups from place to place, which are 
largely a reflection of ecologic facies, impart a contrasting aspect to 
faunas that are probably of the same age. In making correlations, re- 
course must therefore be had to those fossils that occur in more than 
one area. The faunas of the Delaware Basin afford a useful standard of 
reference for this purpose, because they are so varied that all the 
groups are likely to occur together, including species that are else- 
where found in dissimilar faunas. 

Much use in correlation must be made of those fossil groups that 
are least influenced by ecologic conditions, and thus extend widely 
over the region.“ During life, at least some of these animals had a 
planktonic or nektonic habitat, and floated widely on the surface; 
after death, their shells were embedded in deposits of diverse char- 
acter. The two most useful groups of this type in the Permian are the 
ammonoids and fusulinids. The value of both groups is enhanced 
by the fact that their shell structures evolved rather rapidly during the 
course of time, and on this basis zones can be established that embrace 
relatively small thicknesses of beds. 

Many formations outside the Delaware basin contain either am- 
monoids or fusulinids. Other groups, if represented, are likely to con- 
sist of species that are either poorly preserved, not diagnostic, or too 
little studied to supply data for correlation. In discussing the cor- 
relation of many beds, much emphasis must necessarily be placed on 
these two groups. A similar situation also exists in beds known only 
from well cuttings, where fusulinids are likely to be the only fossils 
recovered. 

Correlation by means of fossils is retarded in the West Texas 
region by several defects of knowledge. Some of the fossil groups, 
such as the ammonoids and fusulinids, have been studied in detail on 


248 C, O. Dunbar and J. W. Skinner, “Permian Fusulinidae of Texas,” Univ. Texas 
Bull. 3701 (1937), pp. 581-84. 
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the basis of widely distributed collections. Others, such as the brachio- 
pods, gastropods, and pelecypods, have been studied only in certain 
formations or areas. On still others, such as the sponges, bryozoans, 
crinoids, and corals, little has been published. At present, the need 
is great for accurate work on all these poorly known fossil groups, to 
determine what evidence they will contribute to correlation, and 
whether this evidence confirms or modifies the evidence from the 
better known groups. 

Errors in present correlations also no doubt exist because the 
known ranges of species are less than their true ranges. The known 
ranges are based on varied evidence, some on numerous collections 
from many areas, others from scattered collections. Moreover, the 
relations of different species are not everywhere certain. Some, which 
are abundant in either the Guadalupe or Glass mountains, are poorly 
represented or absent in the other area. The zonation in the Delaware 
basin as now known is thus a composite of several sections. Because 
the ranges of the species are not completely known, they are now and 
then discovered in situations that are apparently anomalous. 

Correlation chart.—The conclusions given in this chapter regarding 
correlations are summarized on the accompanying chart (PI. 2, folded 
insert). On this, sections in different parts of New Mexico, trans-Pecos 
Texas, and central Texas are correlated. Such correlations are subject 
to later correction, especially as to details. Nevertheless, this chart, 
and others that have been published recently,’ probably show the 
general relations correctly, and represent a great advance over those 
that have been published in the past. 

On the chart (Pl. 2), sections nearest the open sea are placed at the 
left, and sections farther toward the interior of the continent are 
placed at the right. The section nearest the open sea is that at Las 
Delicias, Coahuila, shown in column 1. Then follow the sections in the 
Marfa and Delaware basins, shown in columns 2 and 3. Beyond the 
Delaware basin, the line of section branches in three directions. One 
branch extends southeastward beyond the margin of the Delaware 
basin into the Glass Mountains (column 6). Another branch crosses 
the margin northwestward, and extends through the Guadalupe 
Mountains into central New Mexico (columns 4 and 5). Still another 
extends eastward from the margin of the Delaware basin across the 
Central Basin platform, the Midland basin, and ends in central Texas 
(columns 7 to 10). 


*«7 R. K. DeFord and E. R. Lloyd, of. cit. (1940), Fig. 2, p. 4. Revised in Taylor 
Cole, R. I. Dickey, and Edgar Kraus, ‘Developments in West Texas and Southeastern 
New Mexico during 1940,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 25, No. 6 (June, 1941), 
Fig. 2, p. 1060. 
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CORRELATION OF WOLFCAMP SERIES 
GENERAL FEATURES 


The Wolfcamp series is classed as of Permian (?) age. In the Dela- 
ware basin, it is represented by the Wolfcamp formation of the Glass 
Mountains and by the Hueco limestone of the Guadalupe Mountains 
region. In both areas, it is separated from the Pennsylvanian below 
and the Leonard above by unconformities, the one beneath expressing 
a time of marked uplift and erosion. In both areas, it is characterized 
by distinctive fusulinids and ammonoids, such as Pseudoschwagerina 


_ and Properrinites. Outside the Delaware basin, equivalents of the 


Wolfcamp series appear to be present in all the other provinces of the 
West Texas region. 

Within the Delaware basin, few or no fossil plants are found in the 
Wolfcamp series. Non-marine, plant-bearing beds appear in the se- 
quence in New Mexico and central Texas. In those areas, as indicated 
below, the zone of Callipteris appears to correspond closely with the 
equivalent of the Wolfcamp series. 


MARFA BASIN 


Southwest of the Glass Mountains, in the Chinati Mountains near 
Shafter (C-V, Pl. 1), are small, scattered exposures of Permian rocks, 
interrupted by overlaps of younger formations and by faulting. The 
sequence was first described by Udden,* who named the Cieneguita, 
Alta, and Cibolo formations (column 2, Pl. 2). The most recent work 
is that of Skinner.**° 

According to Skinner, the Cieneguita formation contains fusulinids 
of Pennsylvanian age. The succeeding Alta formation, composed 
largely of clastics, has yielded no fossils, but may be of Pennsylvanian 
and Wolfcamp age. The limestones of the Cibolo formation, with the 
exception of an upper member, appear to be of Wolfcamp age. They 
contain Pseudoschwagerina and Schwagerina, as well as the ammonoid 
Properrinites*® and a large crinoid fauna.**' One of the crinoid species, 
Delocrinus major Weller, has been identified in the type Wolfcamp of 


248 J. A. Udden, “Geology of the Shafter Silver Mine District,” Univ. Texas Bull. 24 
(1904), pp. 11-23. 

249 J. W. Skinner, “Upper Paleozoic Section of Chinati Mountains, Presidio County, 
Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 180-88. 

250 A. K. Miller and W. M. Furnish, “Permian Ammonoids of the Guadalupe 
Mountains Region and Adjacent Areas,”’.Geol. Soc. America Spec. Paper 26 (1940), p. 16. 

51 Stuart Weller, “Description of a Permian Crinoid Fauna from Texas,” Jour. 


Geol., Vol. 17 (1909), pp. 623-25. f 
R. C. Moore and F. B. Plummer, “Crinoids from Upper Carboniferous and Per- 
mian Strata in Texas,” Univ. Texas Bull. 3945 (1940), pp. 68-69. 
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the Glass Mountains.” Skinner considers the uppermost member of 
the Cibolo to be Leonard in age. 

In some other publications,” fossils of Leonard and Word age have 
been reported from the Alta and Cibolo formations, but these came 
from places away from the type localities, and apparently from beds 
unrelated to these formations. Also, according to Skinner, the 
Cibolo formation at its type locality is overthrust on other limestones 
that contain much younger (Capitan) fossils. 


NORTHWESTERN SHELF AREA 


Magdalena and Manzano groups.—Northwest of the Delaware 
basin, the later Paleozoic rocks are divided into the Magdalena and 
Manzano groups (column 5, Pl. 2), whose rocks are conspicuously ex- 
posed in the mountain ranges of southern and central New Mexico. 
These have been described by Lee and Girty,> Darton,” 
and other authors. The Magdalena is a marine deposit, containing 
many limestone beds, and is generally classed as of Pennsylvanian 
age. The Manzano includes some limestones and other deposits of 
marine origin, but a large part consists of redbeds and evaporites; it 
is generally classed as of Permian age. The basal formation of the 
Manzano, or red, non-marine Abo sandstone, has been reported to lie 
unconformably on the Magdalena group. 

Position of Wolfcamp equivalent.—In some previous reports,”** the 
Abo sandstone was considered to be approximately equivalent to the 
Wolfcamp series, and the supposed unconformity at its base was 
thought to be the same as that at the base of the Wolfcamp. 

2527. A. Keyte, “Correlation of Pennsylvanian-Permian of Glass Mountains and 
Delaware Mountains,” Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), P. 995. 


253 C, L. Baker, ‘‘Note on the Permian Chinati Series of West Texas,”’ Univ. Texas 


Bull. 2901 (1929), p. 73- 
King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Description of Brachiopoda,’’ Univ. Texas 


Bull. 3042 (1931), p. 17. 

C. P. Ross and W. E. Cartwright, “Preliminary Report on the Shafter Silver Min- 
ing District,” in “The Geology of Texas, Vol. 2,’’ Univ. Texas Bull. 3401 (1935), P. 584. 

254 J. W. Skinner, of. cit. (1940), pp. 186-87. 

255 W. T. Lee and G. H. Girty, “The Manzano Group of the Rio Grande, Valley, 
New Mexico,” U. S. Geol. Survey Bull. 389 (1909), pp. 5-17. 

256 C. L. Baker, “Contributions to the Stratigraphy of Eastern New Mexico,” 
Amer. Jour. Sci. .4th Ser., Vol. 49 (1920), pp. 108-12. 

%7 N. H. Darton, “ ‘Red Beds’ and Associated Formations in New Mexico, with 
an Outline of the Geology of the State,” U. S. Geol. Survey Bull. 794 (1928), pp. 18-27. 

258 P. B. King and R. E. King, “Stratigraphy of Outcropping Carboniferous and 
Permian Rocks of Trans-Pecos Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), 
Fig. 7, p. 924. 
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This correlation now appears to be incorrect. It is herein suggested 
that the Abo is mostly or wholly post-Wolfcamp in age, and that the 
equivalent of the Wolfcamp series lies in the upper part of the Mag- 
dalena group as at present defined and mapped. This conclusion is 
based largely on recent field work by C. B. Read of the Geological 
Survey. The following paragraphs have been prepared with the aid of 
Read. 

In the Sacramento, San Andres, and other mountains of southern 
New Mexico (A-I and A-II, Pl. 1) the usual limestones and other 
marine sediments of the Magdalena pass upward into several hundred 
feet of interbedded limestones, red and gray shales, sandstones, and 
arkosic conglomerates. The limestones contain fusulinids and other 
invertebrates, and the shales contain plants. Above these beds is the 
red, non-marine Abo sandstone. 

This unit forms the upper part of the Magdalena group as at 
present defined and mapped,”* and no doubt will be classed as a sepa- 
rate formation when further work is done. It appears to mark a transi- 
tion from the marine conditions of Magdalena time to the non-marine 
conditions of Abo time. In most places, the sequence from Magdalena 
to Abo appears to be unbroken, although local unconformities may oc- 
cur here and there. In a few places there is a pronounced unconformity, 
as at Caballero Canyon in the Sacramento Mountains, where the Abo 
lies on the upturned beds of the main part of the Magdalena, with the 
upper beds missing. Such features appear to be exceptional. 

Invertebrate fossils in the upper unit of the Magdalena group ap- 
pear to be mainly of Wolfcamp age. Robust species of Triticites, such 
as T. ventricosus (Meek and Hayden) are common.” With them in a 
few places, as in the Sacramento and Oscura mountains (A-IT and 
A-I, Pl. 1) and at Abo Canyon on the north, L. G. Henbest and J. W. 
Skinner have identified Schwagerina. The first genus indicates either a 
late Pennsylvanian or a Wolfcamp age, but the second is definitely 
Wolfcamp. The invertebrate fauna supposed to have come from the 
Abo sandstone, which was described by Girty*° from Abo Canyon, 

%8 This statement is based on the placing of the Magdalena-Manzano boundary 
in Lee’s measured sections and on Darton’s geologic maps. It does not involve “expand- 
ing the term Magdalena” as stated by DeFord and Lloyd in their foreword (p. 534), 
nor does it involve any commitment as to future placing of the unit in either group. 


Future work will no doubt indicate the desirability of shifting the unit from the 
Magdalena to the Manzano group. 


259 C. E. Needham, ‘Some New Mexico Fusulinidae,”’ New Mexico School Mines 


Bull. 14 (1937), locality 21, p. 13. 
C. E. Needham, “Correlation of Pennsylvanian Rocks of New Mexico,” Bull. 


Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 178. 
260 W. T. Lee and G. H. Girty, op. cit. (1909), p. 21. 
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occurs in the upper unit of the Magdalena group in association with 
the two fusulinid genera. 

In shales associated with the beds that contain the invertebrates, 
Read has collected plants at many places, as in the Sacramento 
Mountains east of Alamogordo (B-I, Pl. 1), in the San Andres and 
Oscura mountains (A-I), and at Abo Canyon farther north. These 
belong to the Callipteris floral assemblage, which is considered by 
paleobotanists to be basal Permian in age. 

In places, red strata in the upper part of the Magdalena group 
may be as old as late Pennsylvanian. An ammonoid fauna, generally 
considered to be late Pennsylvanian in age, has been described by 
Bose! and Miller™*'* from east of Tularosa (A-I, Pl. 1). This has been 
ascribed by some geologists to the Abo sandstone, but more probably 
it came from the upper part of the Magdalena group. 

Subsurface relations—In wells drilled east of the outcrops in the 
Northwestern Shelf area, beds with Wolfcamp fossils seem to underlie 
the Abo sandstone in the same manner as they do on the outcrops. 
According to R. E. King,” 
in the Shell Oil Co., Harwood no. 1 well, Roosevelt County (well 24, D-1, Pl. 
1), the basal Permian is limestone with fusulinids of Wolfcamp type, and the 
typical red and green shales of the Abo overlie it. The same relations are 
found in the Land Owner’s, State McAdoo no 1 well in De Baca County, 
where the Wolfcamp limestones with fusulinids rest on upper Pennsylvanian 

. limestone and shale, also with fusulinids. 


Outcrops between Sacramento and Hueco mountains.—At one place 
outcrops are continuous from the beds of the New Mexico sequence to 
the beds of the Texas sequence. This is in the escarpments that extend 
south from the Sacramento Mountains to the Hueco Mountains (B-II, 
Pl. 1). In this area, according to Darton,?® the Abo extends southward 
as a tapering wedge between overlying and underlying limestones. In 
limestones to the west, near Orogrande (A-II, Pl. 1), which apparently 
underlie the supposed Abo, Needham has identified Pseudoschwager- 
ina. Not far north of the Texas-New Mexico line, at the last point at 

261 Emil Bése, “On the Ammonoids from the Abo Sandstone of New Mexico, and 
“ the Beds Which Contain Them,” Amer. Jour. Sci., 4th Ser., Vol. 49 (1920), 

26la A, K, Miller, ““A Pennsylvanian Cephalopod Fauna from South-Central New 
Mexico,” Jour. Paleon., Vol. 6 (1932), pp. 59-93. 


2 R. E. King, letter of July, 1940. It should be understood that the interpretation 
given these data is that of the author. R. E. King has recently (1941) expressed doubts 
about the correlations herein proposed. 

263 N. H. Darton, op. cit. (1928), pp. 219-20. 


264 C, E. Needham, “Some New Mexico Fusulinidae,’”’ New Mexico School of Mines 
Bull. 14 (1937), locality 23, p. 13. 
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the south where the Abo was identified by Darton, its outcrop lies con- 
siderably east (downdip) from the base of the Hueco limestone of the 
Wolfcamp series as mapped in Texas. It is reported”® that other geolo- 
gists have traced the feather edge of the Abo beyond this point, and 
into the Deer Mountain red shale member of the Hueco of the upper 
part of the Hueco Mountains section (section A, Fig. 5). 

The relations on the outcrops between the Sacramento and Hueco 
mountains deserve to be verified by further field study. The evidence 
just cited suggests, however, that the upper unit of the Magdalena 
group as now defined, is traceable southward into the Hueco limestone 
of the Wolfcamp series, and that the Abo sandstone is traceable into 
beds that are either late Wolfcamp or early Leonard in age. 


CENTRAL BASIN PLATFORM AND MIDLAND BASIN 


East of the Delaware basin, in the Central Basin platform and 
south part of the Midland basin, many deep wells have drilled through 
the Permian and have entered the older rocks. The younger beds lie 
unconformably on rocks of different ages, which at one place may be 
Pennsylvanian, at another Ordovician, and at still another pre-Cam- 
brian (Fig. 19). At many places, the beds immediately above the un- 
conformity contain Pseudoschwagerina, and other fusulinids of Wolf- 
camp age,” so that the unconformity evidently corresponds with that 
at the base of the Wolfcamp series in the outcrops on the west. At a 
few places on the Central Basin platform, however, beds of Wolfcamp 
age are missing, either by overlap or erosion, so that beds of Leonard 
age lie directly on the older rocks. In this area, Schwagerina crassi- 
tectoria Dunbar and Skinner, and other fusulinids of Leonard age are 
reported*’ from beds not far above the Ordovician in the Sand Hills 
oil field, Crane County (E-III, Pl. 1), and the Magnolia Petroleum 
Company’s McKee well No. 1 A, Pecos County (well 14 E-III Pl. 1). 

According to R. E. King 
in Pecos County, the Humble Oil Co., Young no. 1 well, and the Magnolia 
Pet. Co., Abell-Eaton no. 2 well show that a ridge several hundred feet high 
existed at the beginning of Wolfcamp time. There is 100 feet or more of 
topographic relief on the top of the Ellenburger in the Apco area, Pecos 
County. The crest of the Todd Ranch anticline, Crockett County, stood over 
600 feet above its surroundings and the Wolfcamp overlaps it. 


265 R, E. King, letter of July, 1940. 


2658 A number of geologists report that they have collected Pseudoschwagerina from 
limestones above the Deer Mountain redbeds, but details are not yet available. 


266 Tdentified by C. O. Dunbar, J. W. Skinner, H. A. Hemphill, and others. 
267 J. W. Skinner and H. A. Hemphill, personal communications of January, 1939. 
268 R, E, King, letter of March, 1940. 
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f region as they existed at beginning of Wolfcamp time. 


d. Illustrates tectonic features o 


Fic. 19.—Map of West Texas region, showing paleogeology of surface on which Wolfcamp series and its equivalents 
were deposite 
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In the Central Basin platform (column 7, Pl. 2), the beds contain- 
ing the Wolfcamp fusulinids are gray limestones, but in the Midland 
basin on the east (column 8, PI. 2), they are dark gray or black shales, 
with a few thin limestone layers. In the Central Basin platform, char- 
acteristic sections of the limestone have been penetrated in the Gulf 
Oil Corporation’s McElroy well No. 103, Upton County (well 4, 
E-III, Pl. 1), and the Humble Oil and Refining Company’s White 
and Baker well No. 1, Pecos County (well 13, E-IV, Pl. 1). In the 
Midland basin, characteristic sections of the shale have been pene- 
trated in the Big Lake oil field, Reagan County (F-III, Pl. 1),?”° the 
Stanolind Oil and Gas Company’s Todd well No. 1, Crockett County 
(well 26, F-IV, Pl. 1),?”! the Stanolind Oil and Gas Company’s Wil- 
liams well No. 1, Irion County (well 27, G-III, Pl. 1),?”? the Humble 
Oil and Refining Company’s Lewis and Wardlaw well No. 1, Tom 
Green County (well 9, G-III, Pl. 1), and J. I. Moore’s McDowell well 
No. 1, Glasscock County (well 16, F-II, Pl. 1). 


EASTERN SHELF AREA 


General features.—Within the Eastern Shelf area in central Texas 
the later Paleozoic rocks are extensively exposed. In this area equiva- 
lents of the Wolfcamp series are probably present in the Cisco and 
Wichita groups (as now defined by the Geological Survey).? Toward 
the south the Cisco and Wichita are alternating beds of limestone and 
shale with minor amounts of sandstone and contain marine inverte- 
brate fossils (column 9g, Pl. 2). Farther north, near the Red River, the 
Wichita and upper Cisco change into redbeds, parts of which are 
terrestrial in origin and contain vertebrates and plant fossils (column 
9, Pl. 2). 

The stratigraphy of the beds in central Texas has been worked out 
in considerable detail,?* and much information is available on the 

269 J. B. Carsey, ‘““Unconformities in the Humble White and Baker Deep Test, 
Pecos County, Texas,” Univ. Texas Bull. 3501 (1936), pp. 127-28. 

270 E. H. Sellards, H. P. Bybee, and H. A. Hemphill, ‘Producing Horizons in the 
Big Lake Oil Field, Reagan County, Texas,”’ Univ. Texas Bull. 3001 (1930), pp. 152-59. 

. O. Dunbar, “Fusulinids of the Big Lake Oil Field, Reagan County, Texas,” 
Univ. Texas Bull. 3201 (1932), pp. 69-74. 

271. H. Sellards, ‘(Major Structural Features of Texas East of Pecos River,”’ in 

“The Geology of Texas, Vol. 2,’’ Univ. Texas Bull. 3401 (1935), well 10, Fig. 13, p. 129. 

272 C, L. Mohr, “Subsurface Cross Section of Permian from Texas to Nebraska,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), pp. 1698-99, and Fig. 2, p. 1702; con- 
tains identifications by J. W. Skinner. 

273 For remarks on nomenclature, see p. 668 and footnote 241. 

274 F, B. Plummer and R. C. Moore, “Stratigraphy of the Pennsylvanian Forma- 
tions of North-Central Texas,”’ Univ. Texas Bull. 2132 (1921), pp. 176-98. 

E. H. Sellards, “The Pre-Paleozoic and Paleozoic Systems in Texas,’’ in “The 
Geology of Texas, Vol. 1,’’ Univ. Texas Bull. 3232 (1933), pp. 170-74. 

M. G. Cheney, “Geology of North-Central Texas,’’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 24 (1940), pp. 65-118. 


| 
3 


680 PHILIP B. KING 


fossils. Except for the ammonoids and fusulinids, however, few com- 
parisons have been made between the fossils of the central Texas and 
West Texas formations, so that much emphasis must be placed on 
these two groups for purposes of correlation. Further study of the 
other groups of fossils would be desirable, in order to determine the 
evidence that they would contribute. 

The central Texas section appears to be more complete than the 
type Wolfcamp section in the Glass Mountains. The unconformities 
at the base and top of the type Wolfcamp may cut out considerable 
thicknesses of beds by erosion and non-deposition. In central Texas, 
these gaps may be largely filled, for the sequence appears to be nearly 
continuous, or interrupted by unconformities that are of minor con- 
sequence. 

Base of Wolfcamp equivalent.—The Graham, Thrifty, and probably 
part of the Harpersville formations of the Cisco group are evidently 
pre-Wolfcamp in age. The Graham contains ammonoids at several 
horizons, including the genus Uddenites,?” as well as the fusulinid Tritt- 
cites cullomensis Dunbar and Condra. The Thrifty and Harpersville 
formations contain 7. ventricosus (Meek and Hayden).?”* An ammo- 
noid assemblage nearly identical with that in the Graham is found just 
beneath the Wolfcamp formation in the Glass Mountains, in the 
Uddenites-bearing shale member at the top of the Gaptank formation. 
With it is Triticites ventricosus, and T. cullomensis occurs in the lime- 
stones just beneath. 

Succeeding beds in central Texas may contain equivalents of the 
gray limestone member that forms the base of the Wolfcamp forma- 
tion in the Glass Mountains. The lowest representatives of Schwager- 
ina occur near the top of the Harpersville formation,?” and also in 
the gray limestone member of the Wolfcamp. 

In central Texas, unconformities occur at several horizons in this 
part of the sequence. One that appears to be particularly significant 
occurs in the upper part of the Harpersville formation, not far below 
the Saddle Creek limestone member.?’* It may correspond with the 


275 F. B. Plummer and Gayle Scott, ‘Upper Paleozoic Ammonites in Texas,” Univ. 
Texas Bull. 3701 (1937), p. 380. 

276 M. P. White, “Some Texas Fusulinidae,”’ Univ. Texas Bull. 3211 (1932), p. 23. 

L. G. Henbest, in ‘Stratigraphic and Paleontologic Studies of Pennsylvanian and 
Permian Rocks of North-Central Texas,’’ Univ. Texas Bull. 3801 (1938), Pl. 1, p. 238. 

277 Robert Roth, “New Information on the Base of the Permian in Central Texas,” 
Jour. Paleon., Vol. 5 (1931), p. 245. 

M. G. Cheney, op. cit. (1940), pp. 94-95. 

278 R, L. Cannon and Joe Cannon, “Structural and Stratigraphic Development of 
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unconformity at the base of the Wolfcamp series in West Texas. Sub- 
surface work west of the outcrops indicates that 

there is a notable thickening westward of the Saddle Creek-Coleman Junction 
[Pueblo, Moran, and Putnam groups] interval, agreeing with, but even more 
pronounced than, that in higher beds. At the same time, the pre-Saddle Creek 
beds thin westward from the Bend Arch. This suggests that the axes of the 
basins of deposition shifted completely at about Saddlé Creek time.?7 


Toward the north, from the Saddle Creek limestone upward, red- 
beds and arkoses replace the marine beds.”®° These clastics were prob- 
ably derived from newly raised uplifts in the Arbuckle and Wichita 
mountain areas on the north. 

Beds of Wolfcamp age.—Beds higher in the section, forming the 
lower part of the Wichita group as now defined, seem definitely to be 
Wolfcamp in age. The Moran formation contains Pseudoschwagerina 
texana Dunbar and Skinner, and the Coleman Junction limestone 
member at the top of the Putnam formation contains Schwagerina 
emaciata (Beede) and Schubertella kingi Dunbar and Skinner,?*' all of 
which also occur in the Wolfcamp series of the Glass and Hueco 
mountains. The Coleman Junction limestone member also contains the 
gastropod Pleurotomaria obtusispira Shumard,?® which is common in 
the Wolfcamp series of the Hueco Mountains. 

The two species of the crinoid Delocrinus described by Moore and 
Plummer*® from the Moran and Putnam formations have so far not 
been reported from West Texas, and thus contribute no evidence 
about correlation with that area. 

Near the middle of the overlying Admiral formation is an ammo- 
noid fauna that includes Properrinites and Artinskia. Plummer and 


South Permian Basin, West Texas,’”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932), 


p. 161. 
C. L. Mohr, ‘Subsurface Cross Section of Permian from Texas to Nebraska,” 


ibid., Vol. 23 (1939), p. 1071. 

M.G. Cheney, op. cit. (1940), p. 95. 

279 R. E. King, letter of November, 1939. 

280 M, G. Cheney, op. cit. (1940), p. 

A. S. Romer, “Early History of fem ‘Red-Beds’ Vertebrates,”’ Bull. Geol. Soc. 
America, Vol. 46 (1935), p. 1624. 

H. Sellards, op. (1933), P- 172. 

C. O. Dunbar and J. W. Skinner, ‘Permian Fusulinidae of Texas,” Univ. Texas 
_, 3701 (1937), localities 207 and 209, pp. 731-32. 

L. G. Henbest, of. cit. (1938), p. 243. 

282 J. S. Williams, in “Stratigraphic and Paleontologic Studies of Pennsylvanian 
and Permian Rocks of North-Central Texas,’’ Univ. Texas Bull. 3801 (1938), p. 219. 

288 R, C. Moore and F. B. Plummer, “Crinoids from the Upper Carboniferous and 
Permian Strata in Texas,’’ Univ. Texas Bull. 3945 (1940), p. 49. 
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Scott? and Miller and Furnish** consider this to be nearly identical 
with faunas of the Wolfcamp series in the Glass and Hueco mountains, 
and suggest that they are not far apart in age. The latter authors re- 
mark, however, that certain features of the Admiral fauna suggest 
that it might be slightly younger than the Wolfcamp fauna. 

Top of Wolfcamp equivalent.—In central Texas, the position of the 
top of the Wolfcamp equivalent is more indefinite than that of its 
base, and several classes of evidence point to different conclusions. 
Suggested boundaries range from one in the Admiral formation to one 
between the Belle Plains and Clyde formations, or even higher. The 
thickness of the intervening beds amounts to more than 500 feet. 

Between the ammonoid-bearing beds of the Admiral formation 
and the Elm Creek limestone member at the top of the formation, 
Cheney?® recognizes what appears to be a significant unconformity, 
marked by channel sandstones, changes in interval of associated beds, 
differences in structure below and above, and a change from calcitic 
limestone below to dolomitic limestone above. Mohr**’ states that he 
has traced the break northward in subsurface through Oklahoma to 
Kansas. Cheney correlates this break with that between the Wolfcamp 
and Leonard series in West Texas. 

No fusulinids have been found on the outcrops in central Texas 
above the Coleman Junction limestone member of the Putnam forma- 
tion, but they occur in higher strata in wells drilled not far west. In 
the Plymouth Oil Company’s Hanna well No. 1, Coke County (well 
21, G-II, Pl. 1), Skinner has identified Staffella lacunosa Dunbar and 
Skinner at a depth of 2,435 feet, in a limestone which Cheney believes 
to be the Elm Creek limestone member of the Admiral formation.?** 
The fossil was first described from the lower part of the Leonard series 
of the Glass Mountains, but Skinner*®® points out that “the ‘fly- 
specked beds’ of the Hueco limestone, in the Hueco Mountains, of 
Wolfcamp age, contain abundant Staffella of similar appearance.” 

Higher in the section, just above the “Bead Mountain-Jagger 
Bend” or ‘Valera’ anhydrite bed of the Belle Plains formation, 
numerous wells west of the outcrop, including some in Schleicher 
County (G-IV, Pl. 1), have encountered Schwagerina crassitectoria 


284 F. B. Plummer and Gayle Scott, op. cit. (1937), p. 391 and locality 42-T-18, p. 
405. 

285 A, K. Miller and W. M. Furnish, of. cit. (1940), p. 18. 

286 M. G. Cheney, op. cit. (1940), p. 96. 

287 C, L. Mohr, op. cit. (1939), Pp. 1705. 

288 M. G. Cheney, of. cit. (1940), pp. 96-97. 

289 J. W. Skinner, letter of December, 1939. 
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Dunbar and Skinner, S. guemblei Dunbar and Skinner, and other 
fusulinids that occur in the lower part of the Leonard series in the 
Glass Mountains.?% 

In the upper part of the Belle Plains formation of Wichita County, 
in shales below the bed that has been called the Beaverburk limestone. 
is an ammonoid fauna that includes Artinskia electraensis Plummer 
and Scott and Properrinites cumminsi vicinus Miller and Furnish.” 
Miller*® considers this fauna to be ‘“‘quite definitely Wolfcamp in 
aspect.” 

Not far above this horizon, in the Clyde formation at the old Mili- 
tary Crossing of the Big Wichita River, in Baylor County, is another 
ammonoid fauna which includes Medlicottia copei White, and Proper- 
rinites cumminsi (White).2 On the basis of published descriptions, 
Miller and Furnish®™ suggest that Medlicottia copei, and some others 
not listed, have Leonard affinities, whereas Properrinites cumminsi has 
Wolfcamp affinities. This species of Properrinites is, however, “the 
most advanced representative of the genus known.” 

In the northern part of the central Texas outcrops, all the strata 
above the Harpersville formation are of redbed facies, and many layers 
have yielded plant and vertebrate remains. The vertebrates have been 
reviewed by Romer.?® who states that there is a succession of faunas 
of similar type, extending from the Pueblo, or lowest formation to 
contain vertebrates, to the top of the Belle Plains. Above this, in the 
Clyde and Arroyo formations, is a notably different assemblage. 
Romer correlates this change in the vertebrate faunas with the Wolf- 
camp-Leonard unconformity in West Texas. 

In summary, the vertebrate evidence seems to have little value in 
establishing a correlation with the Wolfcamp series, because no verte- 
brates are known from the type Wolfcamp, and because it would seem 
unlikely that a change in the character of terrestrial vertebrates 


290 J. W. Skinner, letter of September, 1937. 
C. L. Mohr, op. cit. (1939), p. 1698. 


29 Emil Bose, ““The Permo-Carboniferous Ammonoids of the Glass Mountains and 
Their Stratigraphical Significance,’ Univ. Texas Bull. 1762 (1919), pp. 183-04. 

F. B. Plummer and Gayle Scott, op. cit. (1937), p. 96 and locality 242-T-4, p. 409. 

A. K. Miller and W. M. Furnish, 0. cit. (1940), p. 19. 

In pla-es, Plummer and Scott refer to the fauna as being in the Clyde formation, 
_ the description of the locality seems to place it definitely within the Belle Plains 
ormation. 


22 A. K. Miller, letter of February, 1940. 


293 C. A. White, “The Texas Permian and Its Mesozoic Types of Fossils,” U. S. 
Geol. Survey Bull. 77 (1891). 
F. B. Plummer and Gayle Scott, op. cit. (1937), locality 12-T-7, p. 404. 


29 A. K. Miller and W. M. Furnish, of. cit. (1940), p. 19. 
2% A, S. Romer, op. cit. (1935), pp. 1607-27. 
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should necessarily correspond with one in the character of marine 
invertebrates. The ammonoid evidence is difficult to evaluate, because 
few or no ammonoids are known from the lower part of the type 
Leonard series in the Glass Mountains. Such supposedly diagnostic 
Wolfcamp genera as Properrinites and Artinskia may therefore range 
somewhat above the top of the Wolfcamp series, into the lower part of 
the Leonard series. The fusulinid evidence seems to be more convinc- 
ing, and suggests that at least the upper part of the Belle Plains for- 
mation is of Leonard age. The unconformity that occurs lower, in the 
upper part of the Admiral formation, may be proved to be significant, 
and to correspond with that at the top of the Wolfcamp series, but 
available paleontological evidence neither strongly opposes nor con- 
firms the suggestion. For present purposes, this horizon is adopted as 
the top of the Wolfcamp series on the correlation chart (column 9, 
Pl. 2). 

Fossil plants of the Wolfcamp equivalent.—Studies of small fossil 
plant collections from the Cisco and Wichita groups have been made 
by White.?® Darrah,?% and others, but more detailed information has 
been obtained by C. B. Read of the Geological Survey in the field 
season of 1940. According to Read,*** the Newcastle coals in the 
Harpersville formation contain a flora of Pennsylvanian aspect. In 
Jack County, about 75 feet above them, and above the unconformity 
in the upper part of the Harpersville, are plants of Permian type, 
belonging to the Callipteris floral assemblage. Plants of similar type 
occur higher, but in the upper part of the Admiral formation, above 
the unconformity noted by Cheney, are plants belonging to the Gi- 
gantopteris floral assemblage. This assemblage continues into the Belle 
Plains and higher formations. 

It should be emphasized that the plant zonation worked out by 
Read is based on assemblages of characteristic plants, rather than 
single genera or species. The assemblages are recognized by first ap- 
pearances and maximum developments of characteristic genera, but 
the genera themselves may range into other zones. Thus, the occur- 
rence of Callipteris in the Admiral and Belle Plains formations as re- 
ported by Darrah*®® is not considered by Read to indicate that these 
beds are part of the zone containing the Callipteris floral assemblage. 
He would place the beds in the Gigantopteris zone. 


2% David White, “The Permian of Western America from the Paleobotanical 
Standpoint,”’ Proc. Pan-Pacific Sci. Cong. 1923 (1926), pp. 1060-61. 


297 W. C. Darrah, quoted in A. S. Romer and L. W. Price, “Review of the Pelyco- 
sauria,’”’ Geol. Soc. America Spec. Paper 28 (1940), p. 24. 


298 C, B. Read, personal communication of January, 1941, 
299 A, S. Romer and L. W. Price, of. cit. (1940), p. 24, 
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CORRELATION OF LEONARD SERIES 
GENERAL FEATURES 


The Leonard series of the Delaware basin is represented by the 
Leonard formation of the Glass Mountains, and by the Bone Spring 
limestone of the Guadalupe Mountains region. Both units are several 
thousand feet thick, and are separated from the Wolfcamp series be- 
low, and in places from the Guadalupe series above by unconformities. 
The Leonard fauna is typified by such brachiopod species as Pro- 
ductus ivesi, by such ammonoids as Perrinites, and by the fusulinids 
Schwagerina and Parafusulina. Equivalents of the Leonard series ap- 
parently extend into the adjoining provinces of West Texas, but there 
are many changes in faunal and lithologic facies. 

Within the Delaware basin. no fossil plants are found in the 
Leonard series. In New Mexico and central Texas, however, where 
some of the beds of Leonard age are of non-marine origin, plants have 
been collected in their lower part. In New Mexico, these belong to the 
Supaia floral assemblage, and in central Texas to the Gigantopteris 
floral assemblage. The two assemblages are of different character, but 
may be more or less the same in age. 


MARFA BASIN AND AREAS ON SOUTH 


Introduction—During Permian time, the areas southwest and 
south of the Delaware basin probably lay nearer the open sea than the 
rest of the West Texas region. Here, in the Marfa basin and related 
areas, the rocks of the Leonard series have a fauna! and lithologic 
facies comparable with that of the series in the Delaware basin, and 
correlations with it by paleontological methods can be made with more 
assurance than elsewhere. 

Coahuila.—South of trans-Pecos Texas, near Las Delicias, south- 
western Coahuila, a thick sequence of Permian rocks has been de- 
scribed by R. E. King (column 1, Pl. 2).°° From the oldest beds of 
the section, the limestone of Cerro Piloncillos, Dunbar*” has recently 
identified species of Triticites that appear to be Pennsylvanian in age. 
Beds of Wolfcamp age appear to be missing from the area. The higher 
part of the sequence constitutes by far the greater part of its mass, and 
contains many of the same fossils that occur in the Leonard and 
Guadalupe series of Texas, including abundant and well preserved 
ammonoids. The lower half is characterized by Perrinites and other 
fossils of Leonard type, and is apparently Leonard in age. 


300 R, E. King, “The Permian of Southwestern Coahuila,’’ Amer. Jour. Sci., 5th 
Ser., Vol. 27 (1934), pp. 98-112. 


301 C, O. Dunbar, manuscript in preparation (1939). 
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The beds of Leonard and Guadalupe age in the section consist in 
large part of lavas, graywackes, and other rocks of volcanic origin,*” 
and it is possible that the volcanic ash and bentonite beds in the 
Permian of the West Texas region may have been derived from this 
neighborhood. 

Shafter area.—Shales and sandstones of Leonard age are exposed 
at a few places in the Chinati Mountains, near Shafter (C-V, Pl. 1), 
probably within the Marfa Basin area. Collections made from them 
include, according to R. E. King*® and Miller and Furnish,*“ such 
characteristic brachiopods and ammonoids as Productus ivesi New- 
berry and Perrinites hilli (Smith). In some publications, the rocks of 
Leonard age near Shafter have been referred to the Alta formation, 
but Skinner’s work has demonstrated that the Alta is much older, and 
may in part be of Pennsylvanian age.®® 

Finlay and Malone mountains.—Rocks of Leonard age are exposed 
again some distance northwest of Shafter, in two closely adjacent 
ranges, the Finlay and Malone mountains (B-III, Pl. 1). These rocks 
were probably laid down in a northwest arm of the Marfa basin. 

The beds in the Finlay Mountains consist of shales and thin lime- 
stones, not unlike those of the Leonard series in the western part of 
the Glass Mountains. They are of notably different facies from the 
Bone Spring limestone of the Leonard series that was laid down on the 
Diablo platform on the northeast, now exposed in the Sierra Diablo 
not far away. From the Finlay Mountains, R. E. King* and Miller 
and Furnish*”’ have identified characteristic Leonard brachiopods and 
ammonoids. 

The Permian rocks of the Malone Mountains on the south consti- 
tute the Briggs formation of Albritton.*°* They are evidently of about 
the same age as those in the Finlay Mountains, for Albritton has 
identified a number.of characteristic Leonard brachiopod species from 


302 R. E. King, op. cit. (1934), pp. 106-08. 

303 R. E. King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Description of Brachiopoda,”’ Univ. 
Texas Bull. 3042 (1931), pp. 17. 

304 A, K. Miller and W. M. Furnish, ‘Permian Ammonoids of the Guadalupe 
Mountains Region and Adjacent Areas,’’ Geol. Soc. America Spec. Paper 26 (1940), 
p. 16. 

305 J. W. Skinner, “Upper Paleozoic Section of Chinati Mountains, Presidio County, 
Texas,’ Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 185. 


306 R, E. King, op. cit. (1931), p. 17. 
307 A. K. Miller and W. M. Furnish, of. cit. (1940), p. 16. 


308 C. C. Albritton, “Stratigraphy and Structure of the Malone Mountains, Texas,”’ 
Bull. Geol. Soc. America, Vol. 49 (1938), pp. 1753-57- 
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them. They are, however, of quite different facies, and consist mostly 
of gypsum, with subordinate lenses and beds of black or buff lime- 
stone, and conglomerate. They may originally have been laid down 
farther from the Finlay Mountains area than they now are, for the 
Permian and Mesozoic rocks of the Malone Mountains are strongly 
folded, and may also have been overthrust toward the northeast.*” 


NORTHWESTERN SHELF AREA 


Introductton.—Northwest of the Delaware basin, in the North- 
western Shelf area, and forming parts of the mountains of southern 
New Mexico, is the Manzano group (column 5, Pl. 2). This overlies 
beds of Wolfcamp age in the upper part of the Magdalena group and 
is herein interpreted as largely or wholly Leonard in age. It is divided 
into the Abo sandstone and the Yeso and San Andres formations.*!° 

Formations of Manzano group.—At the base of the Manzano group 
is the Abo sandstone, ranging from 600 to more than 1,000 feet thick, 
consisting of red, fine to coarse-grained, slabby sandstone and sandy 
shale, of non-marine origin. At the top of the Abo in the San Andres 
and Oscura mountains (A-I, Pl. 1) there is, according to Read,*"! a 
persistent bed of light-colored sandstone, just beneath which he has 
collected fossil plants. The Abo has been interpreted as lying uncon- 
formably on the Magdalena group, but in most places there appears 
to be little or no break (p. 675). It appears to be conformable with 
the Yeso formation above.” 

In the Sacramento Mountains, according to Read, the Abo thick- 
ens notably toward the north, from 700 to 800 feet near Alamogordo 
(B-II, Pl. 1) to 1,200 to 1,400 feet near Tularosa (A-I, Pl. 1). Near 
Tularosa, the formation is coarser-grained than elsewhere, and con- 
tains conglomerate and arkose from base to top. These deposits were 
evidently derived from an uplift not far north. 

309 Wells drilled north of the Malone Mountains in recent years have crossed an 


overthrust fault, and, combined with surface evidence, prove definitely that a fault 
occurs on the north and northeast side of the mountains overthrust northeast.—Edi- 
torial note. 

310 The Yeso and San Andres formations were classed as members of the ¢Chupa- 
dera formation by N. H. Darton, “ ‘Red Beds’ and Associated Formations in New 
Mexico, with an Outline of the Geology of the State,’’ U. S. Geol. Survey Bull. 794 
(1928), pp. 21-26, but this name is now abandoned. 


311 C, B. Read, personal communication of January, 1941. 


312 According to W. C. Fritz and James Fitzgerald, “North-South Cross Section 
from Pecos County through Ector County, Texas, to Roosevelt County, New Mexico,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 22, the Yeso appears to lie unconform- 
ably on the Abo in wells in eastern New Mexico. Evidence for this conclusion is not 
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The overlying Yeso formation ranges from 600 to 2,000 feet thick.*"* 
It consists of thin, alternating beds of red shale, gypsum, and dark 
limestone, the latter in places containing a scanty invertebrate fauna. 
In northwestern New Mexico, according to Read, a strongly cross- 
bedded, orange-colored sandstone several hundred feet thick forms the 
lower part of the Yeso. This is not unlike the Coconino sandstone of 
the Grand Canyon district. 

The San Andres formation which succeeds the Yeso is 1,600 feet 


or more thick. In its lower part are many sandstone beds. In some sec- 


tions, as on Glorieta Mesa in northern New Mexico, these occupy con- 
siderable parts of the unit, but in others they are thin, or disappear 
altogether. The lower sandstones are generally termed the Glorieta 
sandstone member of the San Andres formation by petroleum geolo- 
gists, and in their subsurface studies east of the mountains they have 
traced the member over a wide area. Lang*!* has used the term Hondo 
sandstone member for equivalent beds exposed in the Sacramento 
Mountains west of Roswell (C-I, Pl. 1). The sandstones at the base of 
the San Andres suggest an important change in sedimentation between 
Yeso and San Andres time, but in most places the two units appear to 
be conformable. 

The main mass of the San Andres, above the basal sandstones, 
consists mostly of gray, thin to thick-bedded limestones. The lime- 
stones tend to disappear northward and northeastward, and to be re- 
placed by gypsum, anhydrite, and redbeds. 

In the San Andres and other ranges of central New Mexico, the 
San Andres formation is overlain unconformably by Mesozoic rocks, 
and no higher Permian beds are exposed. In the Pecos Valley east of 
the mountains, however, the formation is overlain by the Chalk Bluff 
formation of the Guadalupe series (pp. 595-597 and Fig. 2 A). Ac- 
cording to Nye,*" the Chalk Bluff formation appears to be unconform- 
able on the San Andres in the vicinity of Roswell (C-I, Pl. 1). 

Invertebrate fossils—Invertebrate fossils of the Manzano group 
have been described by Girty,* who listed species from the Abo, 

32 The type section of the Yeso formation in central New Mexico has recently 


been studied in detail by R. L. Bates of the New Mexico Bureau of Mines, but his 
results have not yet been published. 


318 W. B. Lang, ‘The Permian Formations of the Pecos Valley of New Mexico and 
Texas,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), p. 850. 


34S. S. Nye, “Geology,”’ in “Geology and Ground-Water Resources of the Roswell 
Artesian Basih, New Mexico,’’ U. S. Geol. Survey Water-Supply Paper 639 (1933), P- 94- 

In Nye’s report, the San Andres is termed the {Picacho limestone, and the Chalk 
Bluff is included in the {Pecos formation. Both these names are now abandoned. 


315 W. T. Lee and G. H. Girty, “The Manzano Group of the Rio Grande Valley 
of New Mexico,” U. S. Geol. Survey Bull. 389 (1909), pp. 41-118. 
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Yeso, and San Andres formations. The fossils ascribed to the Abo 
evidently came from the upper part of the Magdalena group beneath. 
The Abo itself appears to be barren of invertebrates. Most of the fos- 
sils from the Yeso and San Andres originally described by Girty came 
from central New Mexico, some distance northwest of the Delaware 
basin, but later the same species were collected nearer the basin, as 
from the San Andres formation on the crest of the Sacramento Moun- 
tains near Cloudcroft (B-II, Pl. 1), and from Russell Gap (B-II, Pl. 1) 
at the north end of the Guadalupe Mountains.*® 

In addition to the fossils seen by Girty, an ammonoid from the San 
Andres has been described by Plummer and Scott,*!? and a nautiloid 
by Miller, Dunbar, and Condra.*!* No fusulinids have been reported 
from the Manzano group. 

Brachiopods, which are especially abundant in the San Andres 
formation resemble those of the Leonard series in Texas, as pointed 
out by R. E. King.*!® Characteristic species include Productus ivesi 
Newberry, Marginifera manzanica Girty, and M. cristobalensis Girty, 
all of which in Texas are restricted to the Leonard. The ammonoid 
Perrinites hilli (Smith) was collected by J. W. Beede from the San 
Andres near Cloudcroft, and identified by Plummer and Scott. This 
form is also restricted to the Leonard and its equivalents in Texas. 

The other groups of invertebrates supply little information at pres- 
ent as to the correlation of the Manzano group with the beds in 
Texas. Pelecypods, gastropods, and nautiloids are common in the 
Manzano, but few comparisons have been made between them and 
those in Texas. Newell,*° however, compares Girty’s Deltopecten val- 
vleeti from the Manzano group with his Aviculopecten girtyi from the 
Word formation of the Glass Mountains. Further study of these 
groups will be awaited with interest. 

Plant and vertebrate fossils —The occurrence of plants in the Man- 
zano group has been mentioned briefly by White,**' but more informa- 

316 G, H. Girty, “The Guadalupian Fauna and New Stratigraphic Evidence,” New 


York Acad. Sci. Annals, Vol. 19 (1909), pp. 138-41. N. H. Darton, of. cit. (1928), pp. 
207-21. 


317 F, B. Plummer and Gayle Scott, “Upper Paleozoic Ammonites in Texas,’’ Univ. 
Tex. Bull. 3701 (1937), p. 398. 

318 A. K. Miller, C.O. Dunbar, and G. E. Condra, “The Nautiloid Cephalopods of 
the Pennsylvanian System in the Mid-Continent Region,”’ Nebraska Geol. Survey, 2d. 
Ser., Bull. 9 (1933), pp. 204-06. 

319 R, E. King, of. cit. (1931), pp. 26-27. 

20 N. D. Newell, ‘Late Paleozoic Pelecypods: Pectinacea,”’ Kansas Geol. Survey 
Reports, Vol. 10 (1937), p. 58. 


321 David White, “Permian of Western America from the Paleobotanical Stand- 
point,”’ Proc. Pan-Pacific Sci. Cong. 1923 (1926), p. 1064. 
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tion has recently been obtained by Read.*” According to Read, the 
Abo sandstone contains the Supaia floral assemblage, which had pre- 
' viously been described from the Hermit shale of the Grand Canyon 
district. He has observed plants of the assemblage in the Abo sand- 
stone at Abo Canyon, in the Oscura and San Andres mountains (A-I, 
Pl. 1), and in the southern extension of the Abo between the Sacra- 
mento and Hueco mountains, east of Orogrande (A-II, Pl. 1). Read 
has observed no plants in the Yeso formation, but White reports their 
occurrence near Glorieta Mesa. The New Mexico floras contain no 
trace of the Gigantopteris assemblage which characterizes beds of 
about the same age in Texas and Oklahoma. 

Vertebrates occur in the Abo sandstone in northwestern New 
Mexico. Romer,*™ in a recent review of earlier studies, concludes that 
these are of the same general age as vertebrates in the upper part of 
the Wichita group of central Texas. 

Relations of Manzano group to sequence in Delaware basin.—The 
Abo sandstone at the base of the Manzano group lies on beds of Wolf- 
camp age, and apparently extends southward into beds of late Wolf- 
camp or early Leonard age in the Hueco Mountains (p. 676). The San 
Andres formation at the top of the Manzano group is overlain by the 
Chalk Bluff formation of middle and upper Guadalupe age. The group 
therefore appears to be in considerable part of Leonard age, a conclu- 
sion which is in harmony with the Leonard aspect of its invetebrate 
faunas. 

Considerable uncertainly exists, however, as to details of the corre- 
lation. In particular, the relations of the San Andres formation have 
been much dehated. This has been variously correlated with the upper 
part of the Bone Spring limestone,*” with the lower or middle parts of 
the Delaware Mountain group,** and with the Capitan limestone.” 


322 C, B. Read, personal communication of January, 1941. 

323 David White, ‘Flora of the Hermit Shale, Grand Canyon District, Arizona,” 
Carnegie Inst. Washington Pub. 405 (1929). 

324 A. S. Romer and L. W. Price, ‘Review of the Pelycosauria,’’ Geol. Soc. America 
Spec. Paper 28 (1940), p. 29. 

325 P| B. King and R. E. King, “Stratigraphy of Outcropping Carboniferous and 
Permian Rocks of Trans-Pecos Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), 


Pp. 924. 
R. K. DeFord and E. R. Lloyd, “Editorial Introduction’ (to West Texas-New 


Mexico symposium), ibid., Vol. 24 (1940), Fig. 2, p. 4, and p. 7. 
26H. P. Bybee et al., “Detailed Cross Section from Yates Area, Pecos County, 


Texas, into Southeastern New Mexico,”’ ibid., Vol. 15 (1931), pp. 1090-91. 
F. E. Lewis, “Position of San Andres Group, West Texas and New Mexico,” ibid., 


Vol. 25 (1941), p. 81. 

27 W. G. Blanchard and M. J. Davis, ‘“‘Permian Stratigraphy and Structure of 
Parts of Southeastern New Mexico and Southwestern Texas,” ibid., Vol. 13 (1929), 
p. 988. 
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The relations of the San Andres to the sequence in the Delaware 
basin would seem to be determinable by tracing the formation from 
the Sacramento Mountains, where it is well developed, southeastward 
into the southern Guadalupe Mountains. Exposures are nearly con- 
f tinuous in the intervening area (B-II, Pl. 1), but tracing has proved 
4 difficult because most of the surface rocks are limestones, in which few 
or no subdivisions have so far been recognized. These limestones may 
be of different ages from place to place. As indicated in Figure 2 A, the 
top of the limestones in the Guadalupe Mountains is of upper Guada- 
lupe age near the Delaware basin, but descends into the middle 
Guadalupe, and finally into the upper Leonard on the northwest, away 
from the basin. Relations are further complicated by the unconformity 
1 between the Leonard and Guadalupe series, which is prominently dis- 
# played in the Guadalupe Mountains, along the northwest margin of 
i the Delaware basin. This unconformity shows an increasing hiatus 
away from the basin, and may be an obscure but important feature in 
the Northwestern Shelf area. The unconformity is perhaps represented 
in the Roswell district by the break reported by Nye between the San 
Andres and Chalk Bluff formations; if so, the San Andres is of Leonard 
age. 

One is tempted to compare the San Andres formation with the 
Victorio Peak gray member of the Bone Spring limestone (Leonard in 
age) in the Guadalupe Mountains region, for the limestones of the two 
are of similar character and contain similar fossils. This suggestion has 
been accepted in preparing the correlation chart (column 5, Pl. 2). By 
this arrangement, the sandstone members in the lower part of the San 
i Andres, and the change in sedimentation which they express, have 
4 little counterpart in the Delaware Basin area. Here and: there, how- 
fF ever, sandstones do occur at the base of the Victorio Peak member, 
and these may represent the feather edges of the deposit. 


CENTRAL BASIN PLATFORM AND MIDLAND BASIN 


j Introduction.—In the Central Basin platform and Midland basin, 

equivalents of the Leonard series are deeply buried, but they have 
| been penetrated by numerous wells. In this area, the Leonard equiva- 
Ee lent lies in that part of the section between the Pseudoschwagerina 
iy zone below, of Wolfcamp age, and the Grayburg formation of the 
Whitehorse group above, of Guadalupe age. The intervening beds are 
2,000-5,000 feet thick, and are an interfingering complex of limestones, 
shales, and sandstones, with some evaporites and redbeds at the north 
and northeast. Some of these beds may be younger than the Leonard; 
: it is herein suggested that their upper part is in places lower or middle 
Guadalupe in age. 
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Facies.—In the Central Basin platform, the beds from the base of 
the Grayburg formation to the base of the Wolfcamp equivalent are a 
sequence of gray, dolomitic limestones, with only a few interruptions 
of chert, sand, and shale (column 7, Pl. 2).228 In the Midland basin, 
they change in part into dark gray or black shales that form a lenticu- 
lar body of wide extent (column 8, Pl. 2). The shales are succeeded 
by limestones, but because of the interfingering of the two facies, the 
boundary between them occurs at different horizons.**° In places, es- 
pecially toward the edge of the basin, the shales are probably all of 
Wolfcamp age. Within the basin, they include beds of lower Leonard 
age, and in places they may occupy the whole of the Leonard equiva- 
lent. 

The limestones that intervene between the shales and the overlying 
Whitehorse group are thus of varying thickness and age from place to 
place. They include the San Andres formation, as this term is gener- 
ally used by geologists in subsurface work, and also form a part of the 
“Big lime,’’*! a term used in many of the older reports on the region. 
The top of the “Big lime’ has proved, however, not to be a strati- 
graphic horizon. It is the contact between the limestones below and 
the redbeds and evaporites above. Along the east edge of the Midland 
basin, this apparently lies near the top of the Leonard equivalent, 
whereas in the Central Basin platform it lies within or at the top of 
the Whitehorse group. 

Beds of lower Leonard age.—Part of the limestones of the Central 
Basin platform, and part of the black shales of the Midland basin are 
lower Leonard in age. From beds of lower Leonard age, several species 
of fusulinids have been obtained, including Schwagerina crassitectoria 
Dunbar and Skinner in the lower beds, and Schubertella melonica Dun- 
bar and Skinner in beds several hundred feet higher. These occur in the 
lower and middle parts of the Leonard series in the Glass Mountains. 
In places in the Central Basin platform, beds with Schwagerina cras- 
sitectoria lie directly on pre-Wolfcamp rocks, with the Wolfcamp series 


#28 W. C. Fritz and James Fitzgerald, “North-South Cross Section from Pecos 
County, through Ector County, Texas, to Roosevelt County, New Mexico,”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 23. 

E. H. Powers, ‘Sand Hills Area, Crane County, Texas,”’ zbid., Vol. 24 (1940), pp. 
126-27. 

#29 EF, H. Sellards, H. P. Bybee, and H. A. Hemphill, “Producing Horizons in the 
Big Lake Oil Field, Reagan County, Texas,” Univ. Texas Bull. 3001 (1930), pp. 156-59. 

C. L. Mohr, “‘Subsurface Cross Section of Permian from Texas to Nebraska,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 23 (1939), Fig. 2, p. 1702. 


330 R, E. King and J. E. Adams, letters of December, 1939. 


331 FE, C. Edwards, “Stratigraphic Position of the Big Lime of West Texas,”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 11 (1927), pp. 722-25. 
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missing (p. 677). The same sets of species have been found in lime- 
stones interbedded with the black shales along the east margin of the 
Midland basin.* 

Fa: ther north, around the north side of the Midland basin, equiva- 
lents of the lower Leonard may be largely redbeds. In this region, the 
redbeds of the Clear Fork group dip west beneath the basin from cen- 
tral Texas and the redbeds of the Yeso formation dip east beneath it 
from New Mexico. In the intervening area, few wells have been drilled 
deeply enough to enter them, but the two units are probably equiva- 
lent. Both units seem also to be equivalent to the lower part of the 
Leonard series in the Delaware Basin area. 

Beds of upper Leonard age.—Beds of upper Leonard age are here 
considered to occupy the greater part of the San Andres formation, as 
that term is used in subsurface work. Subsurface correlations of the 
San Andres are based on comparisons with wells drilled in the Pecos 
Valley between Roswell and Carlsbad (C-I and C-II, Pl. 1), or east 
of the outcrops of the formation in the:mountains of New Mexico. 
According to Lloyd,** 
when I started subsurface work in the Permian basin in 1927, I took the lime- 
stone section in the California Co., South Springs Ranch well east of Roswell 
as my type for the San Andres in subsurface. The top of the formation had not 
been defined on the outcrop and still has not been defined. The unit in the well 


aforementioned is very distinct, and with a good sandstone at the top and 
base. This, as I understand it, is the San Andres of all subsurface students. 


The characteristic dolomitic limestones of the San Andres, marked 
below by the Glorieta sand and above by the Grayburg formation of the 
Whitehorse group, may be traced eastward from the Pecos Valley 
across the Northwestern Shelf area and north end of the Midland 
basin into the Eastern Shelf area. Here, the limestones interfinger with 
redbeds and gypsums, and extend into the Blaine and Dog Creek for- 
mations of the central Texas outcrops. The Glorieta sand at the base 
apparently passes into the San Angelo sandstone of central Texas.** 
Southward across the Midland basin and Central Basin platform, 
toward the Southern Shelf area and Glass Mountains, the correlation 
of the San Andres appears to be less definite. Possibly many of the 


332 J. W. Skinner, personal communication of January, 1939. 
C. L. Mohr, of. cit. (1939), p. 1698. 


333 EF. R. Lloyd, letter of April, 1940. 

34 R. I. Dickey, “Geologic Section from Fisher County, through Andrews County, 
Texas, to Eddy County, New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), 
PP. 42-43. 
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beds in this region that have been assigned to it by Lewis*® and others 
are younger. 

Fossils of Leonard type occur here and there in the San Andres. 
Thus, according to R. E. King,**’ a core between 5,105 and 5,117 feet, 
or 1,000 feet below the base of the Whitehorse group, in the Sinclair 
Prairie Oil Company’s Holt No. 3, of the North Cowden field, Ector 
County (E-II, Pl. 1), contained a brachiopod which he has identified 
as Productus ivesi Newberry, and a fusulinid which C. O. Dunbar has 
identified as Parafusulina fountaini Dunbar and Skinner. 

According to Skinner,*** fusulinids of Leonard type have been 
found in wells in eastern Borden County (F-II, Pl. 1) in beds approxi- 
mately equivalent to the Blaine and Dog Creek formations. ‘The 
fusulines are smaller than those of the Parafusulina rothi zone, and 
more nearly resemble those of the lower Word and upper Leonard of 
the Glass Mountains.” Similar fusulinids also occur in the producing 
beds of the Yates oil field, Pecos County (F-IV, Pl. 1). According to 
Skinner, these are well preserved as molds in the limestone, and are 
slender forms about half an inch in length. The producing beds at 
Yates lie directly beneath the Whitehorse group, and beds with the 
younger Parafusulina rothi assemblage, which intervene elsewhere in 
the Central Basin platform, seem to be missing. 

Besides the fossils of Leonard type, the San Andres as it is com- 
monly defined in subsurface work appears to contain fossils of Guada- 
lupe type. These are large fusulinids, belonging to Parafusulina rothi 
Dunbar and Skinner and related species. They are found in parts of 
the Midland basin and Central Basin platform in limestones below the 
Grayburg formation. In this paper, it is suggested that the beds which 
contain them are not properly a part of the San Andres formation but 
are younger. They will be considered further in the discussion of the 
correlation of the Guadalupe series. (p. 704.) 


EASTERN SHELF AREA 


Introduction.—Permian rocks laid down in the Eastern Shelf area 
are exposed in central Texas. Here, as already indicated, the top of the 
beds of Wolfcamp age lies in the Wichita group, whose upper part 
appears to be Leonard in age (column g, Pl. 2). Overlying beds up to 
the base of the Whitehorse group also appear to be Leonard in age. 
These are several thousand feet thick, and comprise the Clear Fork 

336 F, E. Lewis, “Position of San Andres Group, West Texas and New Mexico,” 
ibid., Vol. 25 (1941), pp. 86-go. 


337 R, E. King, personal communications of 1940. 
F. E. Lewis, of. cit. (1941), p. 100. 


338 J. W. Skinner, letter of February, 19309. 
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group, the San Angelo sandstone, and the Blaine and Dog Creek for- 
mations. 

The formations.—The Clear Fork group which succeeds the Wich- 
ita group is about 1,000 feet thick, and through its whole length of 
outcrop consists of fine-grained redbeds, with thin layers of dolomitic 
limestone. Toward the south, these red sediments contrast with the 
underlying, non-red Wichita beds. West of the outcrop, along the east 
edge of the Midland basin, both the Wichita and Clear Fork groups 
change into nearly continuous sequences of dolomitic limestone.**® 

The overlying San Angelo, Blaine, and Dog Creek formations, 
500-700 feet thick, are the lower part of the former {Double Mountain 
group. They can appropriately be classed as a separate group, but there 
has been some uncertainty about the best name for it. Lloyd and 
Thompson used the term Blaine for the beds above the San Angelo, 
but this is undesirable because it includes more strata than the type 
Blaine of Oklahoma. Others have called the group (including the San 
Angelo) the San Andres, the El Reno, or the Pease River.*! 

The San Angelo sandstone is coarse and conglomeratic in its south- 
ernmost exposures, in Tom Green and Coke counties (G-III, Pl. 1), 
but becomes finer-grained northward, where it probably interfingers 
with redbeds, gypsums, and dolomites. In a number of publications, 
Beede* has interpreted the relations of the sandstone to the underly- 
ing Clear Fork group as unconformable. This may be true in places, 
but recent observations suggest that elsewhere the two are grada- 
tional. Thus, Adams** states that in subsurface. sandstones similar to 
the San Angelo occur well down in beds of Clear Fork age. West of the 
outcrop, the San Angelo extends around the north end of the Midland 
basin into the Glorieta sand, but toward the Midland basin it thins 
and disappears.*“ 

The beds above the San Angelo consist of interbedded redbeds, 
gypsums, and dolomitic limestones, whose facies resemble the type 
Blaine of Oklahoma, but which evidently include the equivalent of 


339 R. I. Dickey, op. cit. (1940), p. 

L. R. Page and J. E. Adams, op. cit. (1940), ps 

340 A, M. Lloyd and W. C. Thompson, “Correlation of Permian Outcrops on East 
Side of West Texas Permian Basin,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), 
P. 950. 

341. R, K. DeFord and E. R. Lloyd, of. cit. (1940), pp. 7-8. 

342 J. W. Beede and W. P. Bentley, “The Geology of Coke County,”’ Univ. Texas 
Bull. 1850 (1921), pp. 19-25 

. W. Beede and D. D. Christner, “The San Angelo Formation; the Geology of 
Foard County,”’ Univ. Texas Bull. 2607 (1926), p. 12. 


343 J. E, Adams, discussion, Oklahoma City meeting (March, 1939). 
344 R, I. Dickey, of. cit. (1940), p. 43. 
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the Dog Creek shale.*° West of the outcrops, toward the Midland 
basin, these change largely into dolomitic limestones, and constitute 
the San Andres formation as recognized in that area.*° 

Correlation of upper part of Wichita group and Clear Fork group.— 
The age of the upper part of the Wichita group has already been dis- 
cussed (pp. 681-82). Available evidence about the position of the 
contact between equivalents of the Wolfcamp and Leonard series is 
conflicting. It may lie at an unconformity within the upper part of 
the Admiral formation, or it may be higher in the Wichita group, at 
or above the top of the Belle Plains formation. On the correlation 
chart (column 9, Pl. 2) the lower horizon is adopted tentatively. 

The overlying Clear Fork group contains a few ammonoids at 
several horizons, including Meilicottia, Perrinites, and Rhiphavites,*" 
but they are poorly preserved. Miller and Furnish*™® suggest chat the 
two species of Perrinites described by Plummer and Scctt are closely 
related if not synonymous with Perrinites hilt (Smith), which occurs 
in the overlying Blaine and Dog Creek formations and in the type 
Leonard of the Glass Mountains. 

Fusulinids obtained from wells drilled west of the outcrop furnish 
evidence about the position of the top of the Clear Fork in the type 
Leonard section. In the Stanolind Oil and Gas Company’s Williams 
well No. 1, Irion County (well 27, G-III, Pl. 1),*4° and the Humble 
Oil and Refining Company’s Lewis and Wardlaw well No. 1, Tom 
Green County (well 9, G-III, Pl. 1),**° Skinner has identified Schuber- 
tella melonica Dunbar and Skinner from horizons overlying the zone 
of Schwagerina crassitectoria Dunbar and Skinner. In the second well, 
the horizon is definitely upper Clear Fork, as it lies a short distance 
below the base of the San Angelo sandstone. In the Glass Mountains, 
the same fusulinid occurs a few hundred feet below the top of the 
Leonard series in the top beds of the Hess limestone member of the 
Leonard formation. 

In both the Glass Mountains and the Lewis and Wardlaw well of 
central Texas, Schubertella melonica occurs not far below a probable 

54 The relations of beds in Texas to those in Oklahoma are well shown in a diagram 
by H. C. Fountain and Joseph Neely in Guidebook of Anadarko Basin Field Trip (Amer. 
Assoc. Petrol. Geol., Oklahoma City meeting, 1939), p. 9. 

36 L. R. Page and J. E. Adams, op. cit. (1940), Fig. 2, p. 56 and pp. 57-58. 

%47 Emil Bose, “The Permo-Carboniferous Ammonoids of the Glass Mountains, 
and Their Stratigraphical Significance,” Univ. Texas Bull. 1762 (1919), pp. 194-206. 

F. B. Plummer and Gayle Scott, of. cit. (1937), p. 20, localities 199-T-20, p. 408, 
and 220-T-1, p. 409. 

48 A. K. Miller and W. M. Furnish, of. cit. (1940), p. 149. 

#49 C. L. Mohr, of. cit. (1939), p. 1698. 

850 J. W. Skinner, personal communication of September, 1938. 
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unconformity. In the first area, it has been suggested (pp. 652-53) 
that the overlying upper Leonard beds lie unconformably on the Hess 
limestone; in the second, the San Angelo may in places be unconform- 
able on the Clear Fork. Perhaps the two unconformities, and the 
changes in sedimentation that accompany them, were contemporane- 
ous in the two areas. 

Fossil vertebrates and plants of upper part of Wichita group and 
Clear Fork group.—The occurrence of vertebrates in-the Belle Plains 
and Clyde formations of the Wichita group and the Arroyo formation 
of the Clear Fork group has been summarized by Romer.*! According 
to Romer, there is a notable change in the character of the vertebrates 
from the Belle Plains to the Clyde faunas. 

A number of common Wichita types are unreported in the Clyde or higher, 
and presumably became extinct (p. 1613). At a level 300 feet or so above the 
Lueders, presumably at about the summit of the Arroyo formation, . . . fos- 


sils cease, and except for some finds of footprints in other areas, the known 
history of Paleozoic vertebrates in America is closed (p. 1615). 


The fossil plants of the Wichita and Clear Fork groups have been 
noted briefly by White,** but have recently been studied in more de- 
tail by Read.** According to Read, floras from the Belle Plains forma- 
tion upward belong to the Gigantopteris assemblage. He would divide 
this into two parts. The older, which occurs in the Belle Plains, Clyde, 
and Lueders formations of the Wichita group, contains more species 
in common with the underlying Callipteris floral assemblage than does 
the younger, which occurs in the Clear Fork group. Little is known of 
floras above the Clear Fork group, although White mentions the oc- 
currence of plants in the San Angelo sandstone. 

The Gigantopteris floral assemblage of Texas extends northward 
into Oklahoma, but it has little in common with the Supaia floral 
assemblage, probably equivalent in age, that occurs in the Abo sand- 
stone of New Mexico and the Grand Canyon district of Arizona. Evi- 
dently the two regions were separated by some sort of barrier. 

Correlation of the San Angelo, Blaine, and Dog Creek formations.— 
The San Angelo sandstone has yielded no animal fossils. In the overly- 
ing beds, however, are dolomitic limestone members that in places con- 
tain abundant ammonoids, and a few other invertebrates.*4 Their 


351 A. S. Romer, ‘Early History of Texas ‘Red-Beds’ Vertebrates,’’ Bull. Geol. Soc. 
America, Vol. 46 (1935), pp. 1612-15. 

352 David White, op. cit. (1926), pp. 1060-61. 

353 C, B. Read, personal communication of January, 1941. 

Emil Bose, of. cit. (1919), p. 207. 

F. B. Plummer and Gayle Scott, op. cit. (1937), pp. 20-21, localities g9-T-1 and 
99-T-2, p. 406. 
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occurrence at one well known locality, the Falls of Salt Croton Creek, 
Stonewall County (G-I, Pl. 1), has been discussed by Roth.** The 
fossils themselves have been described by Smith,** Plummer and 
Scott,” and Miller and Furnish.**8 

A difference of opinion exists between Plummer and Scott, and 
Miller and Furnish regarding the interpretation of the ammonoids, 
and this has considerable bearing on the correlation of the Blaine and 
Dog Creek formations with the sequence in the Delaware basin. These 
differences are partly a matter of philosophy. Plummer and Scott have 
tended to emphasize minute changes in form and suture, supposedly 
resulting from progressive evolution, in ammonoids that occur in suc- 
cessive beds. Miller and Furnish consider such changes to be variations 
within relatively broad species, that are without special stratigraphic 
meaning, and state that equally great variations may occur in speci- 
mens from single beds, even from the same locality. 

Plummer and Scott thus interpreted the sutures of successive spe- 
cies of Perrinites and Medlicottia as undergoing progressive increase 
in complexity from the upper Wichita to the top of the Dog Creek 
shale. At a certain level in the section, apparently in the Clear Fork 
group, the complexity was supposed to correspond with that of am- 
monoids in the Leonard series of West Téxas. Ammonoids from the 
overlying beds were thus apparently younger than the Leonard. Plum- 
mer and Scott identified their species of Medlicottia from the Blaine 
and Dog Creek with the genus “‘Eumedlicottia,” which in West Texas 
was supposed to range no lower than the upper Leonard. In West 
‘Texas, no specimens of Perrinites were reported by them or previous 
authors from above the Leonard. Plummer and Scott evidently as- 
sumed this to be a deficiency in collecting, and the youngest Perrinites 
in central Texas was considered to be contemporaneous with the re- 
lated genus Waagenoceras that characterizes the beds of the Guada- 
lupe series in West Texas.*® 


355 Robert Roth, “Custer Formation of Texas,’”’ Bull. Amer. Assoc. Petrol. Geol., 
Vol. 21 (1937), pp. 462-64. 

356 J, P. Smith, “Carboniferous Ammonoids of America,” U. S. Geol. Survey Mon. 
42 (1903), Pp. 140. 

357 F, B. Plummer and Gayle Scott, of. cit. (1937), pp. 20-21. 


358 A, K. Miller and W. M. Furnish, oP. cit. (1940), p. 19. 


359 This paragraph represents a rather free interpretation of the conclusions given 
in different places through Plummer and Scott’s paper, op. cit. (1937), and their theo- 
retical approach to the problem is not directly stated. The occurrence of Perrinites 
gouldi Plummer and Scott which they report (p. 397) from the Word formation in the 
Glass Mountains is evidently an error, and is not substantiated elsewhere in the paper. 
The occurrence of “‘Eumedlicottia’’ burckhardti (Bose), a Word species, which they 
report (pp. 21 and 397) from central Texas is likewise not substantiated elsewhere in 
the paper. According to F. B. Plummer, letter of January, 1938, the identification was 
based on a single fragmentary specimen. 
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On the contrary, Miller and Furnish believe that the characters on 
which the genus ‘“‘Eumedlicottia” were based “are not satisfactory, for 
it groups together forms that are otherwise quite diverse.”” Moreover, 
the genus is not of stratigraphic significance, for ““Eumedlicottia” and 
Medlicottia s. s. ‘occur in association in the Socio beds of Sicily, the 
Bitauni beds of Timor, and the Leonard and Word horizons of Texas 
and Coahuila” (p. 51). Regarding Perrinites, they write: 

The genus was a remarkably stable but very specialized unit. All its known 
species are strikingly similar and are readily distinguished from forms belong- 
ing to different genera, but not from each other. Since the details of the su- 
tures are greatly affected by the size of the individual, and by even a slight 
amount of abrasion, as well as by interpretation and preservation, investiga- 
tors have not uncommonly been misled regarding them. The collections we are 
studying contain several hundred specimens of Perrinites from numerous 
horizons and localities, and a careful analysis of these has demonstrated that 
many of the minor differences in the shape of the conch and the sutures, which 
have been regarded as of specific value, are completely gradational, and have 
no recognizable stratigraphic or geographic significance (pp. 147-48). 


The authors accordingly believe that all the specimens of the genus 
that have been collected in central Texas, West Texas, New Mexico, 
and Coahuila, belong to the single species Perrinites hilli (Smith), the 
first to be described. The original description®® was based on speci- 
mens from the Salt Croton locality, in the Dog Creek shale of central 
Texas. Several varieties of no stratigraphic significance are recognized. 
The one with ‘‘more complex sutures than any other congeneric forms 
known” (p. 155) is based on specimens from the upper Leonard of the 
Glass Mountains, where it is associated with varieties having less com- 
plex sutures. According to Miller * “all of the evidence that the writer 
can deduce from a study of the ammonoids alone points clearly to the 
conclusion that Perrinites became extinct before the appearance of 
Waagenoceras.”’ In other words, all beds containing Perrinites can be 
no younger than Leonard in age. 

The conclusions of Miller and Furnish regarding Medlicottia and 
Perrinites indicate that the dolomite members containing ammonoids 
in the Blaine and Dog Creek formations of central Texas are definitely 
Leonard in age, although probably late Leonard (column 9, PI. 2). 


CORRELATION OF GUADALUPE SERIES 
GENERAL FEATURES 
The Guadalupe series of the Delaware basin is represented by the 
Delaware Mountain group and related formations of the Guadalupe 


360 J. P. Smith, of. cit. (1903), p. 140. 
861 A, K. Miller, “Comparison of Permian Ammonoid Zones of Soviet Russia with 
Those of North America,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 22 (1938), p. 1018. 
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Mountains region, and by the Word, Altuda, Capitan, and Gilliam 
formations of the Glass Mountains. Within the basin, its deposits con- 
trast with those below and above, and in the shelf areas it is separated 
from them by unconformities. Within the Delaware basin, the lower 
two-thirds of the series is characterized by large, specialized species of 
the fusulinid Parafusulina and by the ammonoid Waagenoceras, 
whereas the upper third is characterized by the fusulinid Polydiexo- 
dina and the ammonoid Timorites. 

The Guadalupe series extends beyond the edges of the Delaware 
basin into the other provinces of the West Texas region, but its de- 
posits change greatly in character, in part because of the limestone 
reefs that formed a barrier along the margins. Most of the distinctive 
fossils of the series disappear, so that the main basis for correlation of 
the series is physical evidence. 


MARFA BASIN AND AREAS ON SOUTH 


Coahuila.—Near Las Delicias, in southwestern Coahuila, the gray- 
wackes, lavas, and limestones containing Leonard fossils are overlain 
by several thousand feet of similar beds that contain Guadalupe fossils 
(column 1, Pl. 2).%® These include the fusulinid Polydiexodina, and 
numerous ammonoids, such as Waagenoceras and Timorites.*® The 
next to the highest ammonoid zone contains Strigogoniatites, which 
occurs near the top of the Guadalupe series in the Guadalupe Moun- 
tains. Miller and Furnish** state that the Coahuila species is of a less 
advanced type than the Guadalupe Mountains species, and suggest 
that it is somewhat older. ‘The overlying and highest ammonoid zone 
contains only Cibolites? sp., whose age relations to the Texas faunas 
are uncertain. It may be of highest Guadalupe age, or it may be 
equivalent to some part of the succeeding Ochoa series.*® 

Shafter area.—In the Marfa basin, southwest of the Delaware 
basin, equivalents of the Guadalupe series are known at a few places 
in the Chinati Mountains, near Shafter (column 2, Pl. 2) (C-V, Pl. 1). 
They are unknown in the Finlay and Malone mountains, where beds 
of Leonard age are overlain directly by Mesozoic rocks. Brachiopods, 
fusulinids, and ammonoids of Guadalupe (Word and Capitan) age 


382. R. E. King, “The Permian of Southwestern Coahuila, Mexico,’’ Amer. Jour. 
Sci., 5th Ser., Vol. 27 (1934), p. 106. 


383 Listed as Hanieloceras by R. E. King. This genus is now regarded by A. K. 
Miller as a synonym for Timorites. 


_ * A. K, Miller and W. M. Furnish, “Permian Ammonoids of the Guadalupe Moun- 
tains Region and Adjacent Areas,’’ Geol. Soc. America Spec. Paper 26 (1940), p. 95. 


365 R. E. King, manuscript in preparation (1940). 
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have been collected near Shafter by Baker,** R. E. King,**” and Skin- 
ner.**8 The occurrence of the ammonoids has been summarized by 
Miller and Furnish.**® The beds containing the Guadalupe fossils are 
shales, sandstones, and various types of limestone. Skinner reports 
that some of the limestones appear to be of reef facies, like the typical 
Capitan. 
NORTHWESTERN SHELF AREA, CENTRAL BASIN PLATFORM, 
AND MIDLAND BASIN 

Introduction.—In the eastern part of the Northwestern Shelf area, 
and in the Central Basin platform and Midland basin, beds of Guada- 
lupe age are buried, but they have been penetrated by nearly every well 
drilled for oil, so that abundant subsurface data are available. In this 
area, beds of Guadalupe age are represented by the Whitehorse group. 
In addition, the writer believes that some of the underlying beds are 
also Guadalupe in age. According to definitions in common use in sub- 
surface work, these would form a part of the San Andres formation. 

Parafusulina rothi beds —By common practice in subsurface work, 
the top of the San Andres formation is considered to be at the base of 
the Grayburg formation of the Whitehorse group. The writer has al- 
ready indicated his belief that the San Andres of New Mexico, and the 
equivalent San Angelo, Blaine, and Dog Creek formations of central 
Texas are Leonard in age. However, in many wells in the Central 
Basin platform and Midland basin, large species of Parafusulina, such 
as P. rothi Dunbar and Skinner, have been identified in limestones 
below the Grayburg. On the outcrops to the west, these are found only 
in the Guadalupe series, so that the beds in subsurface which contain 
them appear to be Guadalupe in age. 

The fusulinids of this zone have been studied especially by J. W. 
Skinner,?”° who in various wells has identified Parafusulina rothi Dun- 


366 C, L. Baker, ‘‘Notes on the Permian Chinati Series of West Texas,” Univ. Texas 
Bull. 2901 (1929), pp. 77-78. 

367 R, E. King, ‘“‘Geology of the Glass Mountains, Part 2, Faunal Summary and Cor- 
relation of the Permian Formations, with Description of Brachiopoda,’”’ Univ. Texas 
Bull. 3042 (1931), pp. 17-18. 

368 J. W. Skinner, ‘‘Upper Paleozoic Section of Chinati Mountains, Presidio County, 
Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 187. 


369 A, K. Miller and W. M. Furnish, of. cit. (1940), p. 16. 


. W. Skinner, personal communications of 1939. Some identifications have been 

published 4 in the following papers. 

C. L. Mohr, “Subsurface Cross Section of Permian from Texas to Nebraska,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), p. 1698. 

N. D. Newell, ‘ ‘Invertebrate Fauna of the Late Permian Whitehorse Sandstone,” 
Bull. Geol. Soc. America, Vol. 51 (1940), p. 275. 

F. E. Lewis, “Position of San Andres Group, West Texas and New Mexico,”’ Bull. 
Amer. Assoc. Petrol. Geol., Vol. 25 (1941), pp. 98-100. 
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TABLE VIII 
Number | 
Well or | Stratigraphic Species 
Field Horizon 

Plate 1 

Seminole field E-II Gaines | 300-400 feet below | Parafusulina rothi 
base of Grayburg 
Humble O. & R. | Well 7, | Gaines 675 feet below base of | Parafusulina rothi 
Co., | Eubanks | E-II Grayburg, or to depth 
No. 1 of 5,300 feet 
Sand Hills and | E-III Crane Limestones below Large Parafusulina 
McElroy fields and Grayburg 
Upton 

Yates field F-IV Pecos Parafusulina rothi assemblage is absent. 


Limestones next beneath Grayburg contain 
smaller fusulinids of Leonard type 


Big Lake field F-III Reagan | Texon “pay,” within | Parafusulina rothi 
or below Grayburg; at | P. maleyi_ referta 
depths of 2,973-3,126 | P. lineata 


feet 
Humble O. & R. | F-IV Crockett | Grayburg missing; | Parafusulina rothi 
Co., Ozona-Barn- limestones below Cre- | P. sellardsi 
hart Trap Co. taceous contain fauna 
No. 1 at depths of 798-1,690 
feet 4 
Stanolind O. & | Well 27, | Irion Grayburg missing; | Parafusulina rothi 
G. Co., Williams | G-III limestones below Cre- | P. sellardsi 
No. 1 taceous contain fauna 
at depths of 1,200- 
1,235 feet 


bar and Skinner, P. sellardsi Dunbar and Skinner, P. lineata Dunbar 
and Skinner, and P. maleyi var. referta Dunbar and Skinner. Toward 
the east side of the Midland basin, according to Skinner, fusulinids are 
less abundant in the zone; and other Foraminifera, such as Globoval- 
vulina, are abundant. A partial list of the occurrence of the fossils is 
given in Table VIII. 

Regarding the relation of the limestones which contain the Para- 
fusulina rothi assemblage to the San Andres formation, opinion is 
divided. Lewis*” considers them to be an integral part of the San 
Andres, and Mohr*” points out that, on physical evidence, they seem 
to trace into the Blaine and Dog Creek formations (San Andres 
equivalents). Hills*”* also considers the limestones to be a part of the 

81 F, E. Lewis, of. cit. (1941), pp. 100-01. 

372 C. L. Mohr, op. cit. (1939), Figs. 2 and 3, pp. 1702-04, and pp. 1706-07. 


ama J. M. Hills, “Rhythm of Permian Seas—a Paleogeographic Study,”’ Bull. Amer. 
Assoc. Petrol. Geol., Vol. 26 (1942), pp. 238-40. 
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San Andres, but considers the physical evidence to be sufficiently 
strong to indicate that they are of Leonard age, rather than of Gua- 
dalupe age, as indicated by the fusulinids. Other geologists, including 
the writer, believe that the limestones are probably younger than the 
true San Andres. If they are younger, the lithologic differences be- 
tween them and the San Andres are so slight that at present they can 
not everywhere be satisfactorily separated. It should also be noted 
that, although in some places the occurrence of the Parafusulina rothi 
assemblage appears to be definitely established, in others fossils as- 
cribed to it may be incorrectly identified. Separation of fusulinids of 
Guadalupe age from those of Leonard age depends not on distinctions 
between genera, but between species of the genus Parafusulina. Fusu- 
linid specimens, as recovered from well cuttings or cores, may be frag- 
mentary or poorly preserved, so that specific determinations are diffi- 
cult. 

Above the limestones containing the Parafusulina rothi assemblage 
is the Whitehorse group,*” a sequence of evaporites, redbeds, dolo- 
mitic limestones, and sandstones ranging from 1,000 to more than 
2,000 feet thick. On the basis of subsurface work, the group has been 
divided, in ascending order, into the Grayburg formation, Queen sand- 
stone, Seven Rivers formation, Yates sandstone, and Tansill forma- 
tion (column 8, Pl. 2).8 These are lithologic units, whose separation 
is based partly on the dominance of sandstone in the Queen and Yates, 
and the greater importance of dolomitic limestone and anhydrite in 
the Grayburg, Seven Rivers, and Tansill. The formations are appar- 
ently recognizable in most of the Northwestern Shelf area, Central 
Basin platform, and Midland basin. The Yates sand is widely used as 
a subsurface marker, and is distinguished as the highest bed contain- 
ing frosted sand grains.*% 

According to Adams,*” 
in the south part of the basin . . . beds of bentonite are common throughout 
the Whitehorse. At the northern end of the basin the bentonites are not recog- 
nized. This may be . . . because the source of the material was farther south 
or southwest. 

In many places, the Grayburg formation appears to be unconform- 
able on the beds beneath. Such relations are reported in the Hobbs 


373 R. K. DeFord and E. R. Lloyd, ‘Editorial Introduction” (to West Texas-New 
Mexico symposium), Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), pp. 8-10. 


3 R. I. Dickey, ‘‘Geologic Section from Fisher County through Andrews County, 
Texas, to Eddy County, New Mexico,” ibid., Vol. 24 (1940), pp. 44-49. 


3% Frosted sand grains are also common in the Dewey Lake formation.—Editorial 
note, 


876 J, E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 19 (1935), P- 1016. 
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field, Lea County, New Mexico (D-II, Pl. 1),77 and the Goldsmith 
field, Ector County, Texas (E-III, Pl. 1),°”8 which are in the Central 
Basin platform; and along the south and east margins of the Midland 
basin.”® According to Page and Adams, the limestones of the Gray- 
burg formation in Crockett County (F-IV, Pl. 1), on the south mar- 
gin of the Midland basin, “are replaced by sands, shales, and con- 
glomerates of a nearshore facies,” which “are basal beds above an 
unconformity and apparently represent outwash from an area of con- 
siderable uplift.” The relations of the suggested pre-Grayburg uncon- 
formity to the beds with the Parafusulina rothi assemblage is uncer- 
tain. Some geologists believe that it extends above them, but the 
writer is inclined to believe that it passes beneath. 

Correlation of Parafusulina rothi beds—The fusulinids of the Para- 
fusulina rothi assemblage are found on the outcrops at the west in the 
lower and middle parts of the Guadalupe series. In the Delaware basin 
sequence in the Guadalupe Mountains region, they range from the 
base of the Brushy Canyon formation to the middle of the Cherry 
Canyon formation. In the shelf area on the northwest, they found in 
the Goat Seep limestone, which appears to be equivalent to the Cherry 
Canyon. The beds which contain the assemblage in the Central Basin 
platform and Midland basin are evidently equivalent to some part of 
these formations, but more exact correlations can not be made from 
the fusulinids alone. As suggested later, the Grayburg and Queen 
formations of the Whitehorse group may be equivalent to the Goat 


Seep limestone. If so, the Parafusulina rothi beds beneath may be of . 


Brushy Canyon or lower Cherry Canyon (lower to lower-middle 
Guadalupe) age. 

On the outcrop on the west side of the Guadalupe Mountains, the 
Brushy Canyon formation passes out northwestward by overlap on the 
Leonard series along the edge of the Delaware basin. Because of the 
overlap, equivalents of the formation are apparently missing in the 
shelf area of the northern Guadalupe Mountains and the Sierra Dia- 
blo. This overlap seems to express an important change in sedimenta- 
tion. During preceding Leonard time, the deposits of the Delaware 
basin were calcareous or fine-grained clastic sediments, laid down in 
quiet and deep water. During Brushy Canyon or early Guadalupe 
time, the deposits were coarse clastics, laid down in agitated, shallow 


377 R, K. DeFord and E. A. Wahlstrom, “Hobbs Field, Lea County, New Mexico,”’ 
Bull. Amer. Assoc. Petrol. Geol., Vol. 16 (1932), p. 69. 

378 Addison Young, Max David, and E. A. Wahlstrom, “Goldsmith Field, Ector 
County, Texas,” zbid., Vol. 23 (1939), p. 1529. 
___39L. R. Page and J. E. Adams, “Stratigraphy, Eastern Midland Basin, Texas,” 
ibid., Vol. 24 (1940), pp. 59-60. 
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water. These changes imply that during early Guadalupe time, the 
shelves surrounding the basin were widely emergent. The absence of 
the Brushy Canyon or its equivalents from the shelf areas may thus 
be more than a local feature in the Guadalupe Mountains and Sierra 
Diablo. 

This conclusion suggests that beds of lower Guadalupe age are 
also absent in considerable areas on the east, as in parts of the Central 
Basin platform. The possibility can not be directly proved, however, 
because beds of lower Guadalupe age lie too deeply along the boundary 
between the Delaware basin and Central Basin platform to be reached 
by wells. The beds with Parafusulina rothi in the Central Basin plat- 
form might be the overlapping edges of the lower Guadalupe deposits. 
In the Midland basin on the east they may thicken again. According 
to Adams,°8? 
at Big Lake the top of the Grayburg is slightly over 2,000 feet higher in the 
section than the lowest beds that we regard as Guadalupe equivalents. This 
makes the section of lower and middle Guadalupe age approximately the same 
thickness in the Midland basin as in the Delaware basin. 

Correlation of Whitehorse group.—The rocks of the Whitehorse 
group can be traced westward by subsurface methods into the out- 
crops of the Chalk Bluff formation of the Guadalupe series along the 
Pecos River in southeastern New Mexico. The Chalk Bluff has the 
same facies as the Whitehorse group, and contains similar subdivi- 
sions.**! Correlations are most definite in the upper units. The Tansill 
and Yates formations of the Whitehorse as used in subsurface have 
approximately the same extent as the Three Twins member of the 
Chalk Bluff. The Seven Rivers and Queen formations of the White- 
horse correspond approximately to the members of the same name in 
the Chalk Bluff. The Grayburg in turn appears to correspond with the 
lower part of the Chalk Bluff formation. The relations of the Queen 
and Grayburg, as defined in subsurface, to the Goat Seep limestone 
are however, uncertain. According to Dickey’s cross section,*® the 
Queen and Grayburg in subsurface are commonly 700-1,000 feet 
thick. This thickness corresponds closely with that of Guadalupe beds 
below the top of the Queen in the northern Guadalupe Mountains 
(sections H and I, Fig. 7), including the Queen sandstone, the Goat 
Seep limestone, and the sandstone tongue of the Cherry Canyon for- 
mation. 


380 J. E. Adams, letter of December, 1939. 


381 R. K. DeFord, G. D. Riggs, and N. H. Wills, ‘Surface and Subsurface Forma- 
tions, Eddy County, New Mexico” (abstract), Bull. Amer. Assoc. Petrol. Geol., Vol. 22 
(1938), pp. 1706-07. 

382 R, I. Dickey, of. cit. (1940); cross section issued separately. 
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By these correlations, the Grayburg and at least part of the Queen 
appear to be middle Guadalupe in age, and the Seven Rivers, Yates, 
and Tansill appear to be upper Guadalupe in age. 

On the outcrop, the main part of the Chalk Bluff formation is 
traceable into the Capitan and Carlsbad limestones. Similar tracing 
is possible in subsurface in the Whitehorse group. According to 
Adams,** 


the gradation from evaporites into dolomite [toward the Delaware basin] is 
gradual and very regular. In Ward County, the Whitehorse formation can be 
.traced, bed by bed, from typical evaporites and sandstones into the fusulinid- 
bearing limestones and sandstones of the Capitan group, through numerous 
series of wells, none of which is more than a few hundred feet distant from 


another. 


The gradation has been indicated on several published sections.*™ 
Hills*® has reported on fossils which occur in the beds of the transition 


zone. 
EASTERN SHELF AREA 

Introduction.—East of the Midland basin, the Whitehorse group 
comes to the surface along the east side of the Llano Estacado (G-I 
and G-II, Pl. 1), where it occupies a wide belt of outcrop that extends 
northward into Oklahoma. The group in this region, in contrast to the 
buried strata on the west, consists dominantly of red shale and sand- 
stones, whereas anhydrite, gypsum, and dolomitic limestone are sub- 
ordinate. The subdivisions of the group in this region were originally 
named and described in Oklaboma. 

The formations.—In Oklahoma, the Whitehorse group has been 
divided into three widely traceable formations (column 10, Pl. 2).3%# 
At the base is the Marlow formation, above it the Rush Springs sand- 
stone and at the top the Cloud Chief gypsum. At their type localities, 
the first is red shale and the second sandstone, but these distinctions 
may be reversed at other places. Locally, the Cloud Chief changes into 
dolomitic limestone. 

These formations apparently continue with much the same char- 
acter into Texas, although their extent has not been shown on any 


383 J. E. Adams, of. cit. (1935), p. 1015. 

38 Hf. P. Bybee et al., “Detailed Cross Section from Yates Area, Pecos County, 
Texas, into Southeastern New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15 (1931), 
Pl. 3, p. 1089. 

385 J. M. Hills, ‘“Megascopic Fossils from the Permian Reef Trend of West Texas 
and New Mexico,”’ Jour. Paleon., Vol. 14 (1940), pp. 162-63. 

38a TD). A. Green, ‘Permian and Pennsylvanian Sediments Exposed in Central and 
West-Central Oklahoma,” Bull. Amer. Assoc. Petrol. Geol., Vol. 20 (1936), pp. 1469-74. 

O. E. Brown, “Unconformity at Base of Whitehorse Formation, Oklahoma,” zbid., 
Vol. 21 (1937), pp. 1542-47. 
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published map. Near the base in Texas, and evidently forming a mem- 
ber of the Marlow formation, is the Childress dolomite (column 9g, 
Pl. 2), which was formerly considered to mark the top of the under- 
lying Dog Creek shale.** Roth**’ has indicated, however, that a con- 
siderable change in sedimentation, and possibly an unconformity, 
occurs in the redbeds beneath it, so that it would appear to be a na- 
tural part of the Whitehorse group. 

Relation of surface formations to those in subsurface on west.—Ac- 
cording to commonly accepted correlations, the Marlow formation of 
the central Texas and Oklahoma outcrops is the same as the Grayburg 
formation of subsurface, the Rush Springs the same as the Queen, and 
the Cloud Chief the same as the Seven Rivers. 


Most West Texas geologists concur in these approximate correlations, but 
H. L. Griley, who has studied the Permian of Oklahoma in detail, holds to 
the old correlation of the Cloud Chief with the upper Castile [Ochoa series].3** 


Adams** has suggested that the Yates formation of subsurface is equiv- 


_ alent to the Quartermaster formation, which overlies the Whitehorse 


group in the outcrops of western Oklahoma. However, Adams and 
some other geologists now believe that the Quartermaster may be 
much younger, and be Triassic in age. 

If the suggested correlations are correct, the Marlow formation 
may be middle Guadalupe in age, the Rush Springs sandstone middle 
or upper Guadalupe in age, and the Cloud Chief gypsum upper Guada- 
lupe in age. They are so indicated on the accompanying chart (column 
10, Pl. 2). 

Unconformity at base of Whitehorse group.—The relations of the 
Whitehorse group to the underlying beds in Texas and Oklahoma have 
been much discussed.*® By some, the Whitehorse is thought to grade 
up from the underlying Dog Creek and its equivalents; others believe 
an unconformity but no great time hiatus exists; still others believe 
that there is both an unconformity and a great time hiatus. The pos- 
sibility that the relations are unconformable was first emphasized by 
Roth,**! who suggested that the break might even mark the base of 
the Triassic. 


386 A. M. Lloyd and W. C. Thompson, “Correlation of Permian Outcrops on Eastern 
Side of the West Texas Basin,’”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 13 (1929), pp. 


952-53. 
387 Robert Roth, “Custer Formation of Texas,” ibid., Vol. 26 (1937), pp. 452-54. 
388 R. K. DeFord and E. R. Lloyd, of. cit. (1940), pp. 8-9. 
389 J. E. Adams, oP. cit. (1935), p. 1018. 
390 Bull. Amer. Assoc. Petrol: Geol., Vol. 21 (1937), pp. 1560-69. 


391 Robert Roth, “Evidence Indicating the Limits of Triassic in Kansas, Oklahoma, 
and Texas,”’ Jour. Geol., Vol. 40 (1932), pp. 688-725. 
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So far, no definite proof has been offered that underlying beds are 
extensively cut out. At many places where formations beneath it are 
reported to be missing, the relations may actually be caused by lateral 
changes in facies. Most geologists, however, recognize an extensive and 
significant change in sedimentation at the base of the group. In gen- 
eral, the redbeds above the contact are lighter-colored than those 
beneath. Moreover, the underlying deposits are decidedly hetero- 
geneous, with different facies replacing each other laterally along the 
strike. The facies include dolomitic limestones and gypsums like those 
in the Blaine, red shales like those in the Dog Creek, and sandstones 
like those in the San Angelo of Texas and Duncan of Oklahoma. The 
clastic rocks replace the non-clastics at the southeast, toward an ap- 
parent source in the Wichita and Arbuckle mountains region. By con- 
trast, the beds of the Whitehorse group are constant for long distances, 
and the fine-grained sediments of the Marlow and its equivalents ex- 
tend with little change in thickness or character over the varied de- 
posits beneath. The Whitehorse sediments appear to become more 
clastic toward the northwest, rather than the southeast.®” 

If the correlations made on the preceding pages are correct, and 
expecially those with the Delaware Basin area, the existence of a 
hiatus at the base of the Whitehorse group seems very probable (PI. 2). 
The Blaine, Dog Creek, and their equivalents appear to be Leonard 
in age. The succeeding beds, such as the Grayburg and Marlow forma- 
tions, appear to be middle Guadalupe in age, with lower Guadalupe 
time unrepresented by deposits. 

Fossils —The Whitehorse group contains a few invertebrate fos- 
sils. They occur in long, narrow sand bodies, comparable with the 
shoestring sands of the Pennsylvanian in Kansas. Like them, they are 
probably offshore bars.*** The sand bodies include the Verden of Okla- 
homa in the Marlow formation, and the Dozier of Texas in the Rush 
Springs formation. The fossils of the sandstones were first studied by 
Beede*™ and more recently by N. D. Newell, J. B. Knight, R. C. 
Moore, and K. G. Brill.?® 


392 J), A. Green, op. cit. (1936), pp. 1469-70 
G. H. Norton, ‘‘Permian Redbeds of Kansas,” Bull. Amer. Assoc. Petrol. Geol., 


Vol. 23 (1939), p. 1808. 
39 N. W. Bass, “Verden Sandstone of Oklahoma, an Exposed Shoestring Sand of 
— Age,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), pp. 559-81- 

34 J. W. Beede, “Invertebrate Paleontology of the Upper Permian Red Beds of 
Oklahoma and the Panhandle of Texas,” Kansas Univ. Sci. Bull., Vol. 4 (1907), pp. 
115-17. 

395 N. D. Newell, “Invertebrate Fauna of the Late Permian Whitehorse Sandstone,” 
Bull. Geol. Soc. America, Vol. 51 (1940), pp. 261-336. 
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The Whitehorse fauna appears to be a typical marine assemblage, 
which includes abundant pelecypods and gastropods, and a few bryo- 
zoans and brachiopods. Newell suggests that it existed on the shore- 
ward side of a highly saline sea, where 
streams .. . would effectively reduce the salinity of the water along the coast 
bordering the stream mouths. Lagunal areas behind offshore bars near the 


streams might well become a haven for such relics of a normal marine fauna 
that could exist under the rather difficult conditions of environment (p. 267). 


According to Beede,®® 


these collections are of great importance, as they furnish the final evidence 
that the red beds, below the Dockum beds, of the Oklahoma-Texas Panhandle 
region are Paleozoic in age. 


This conclusion is confirmed by Newell and his associates, who have 
demostrated that the fauna is Permian in age. 
According to Newell, 


the specific assemblage is a novel one, and most of the forms are thus far un- 
known outside of the Whitehorse formation. A few species however can 
profitably be compared with the Guadalupian forms from the nearby west 
Texas area.... There are only three specific identities recognized in the 
Whitehorse and Guadalupian faunas, and eight forms in both faunas that 
can fruitfully be compared. For the Guadalupian fauna of about 400 species 
and the Whitehorse fauna of 32 species the evidence for contemporaneity is 
scant indeed. Of the various Guadalupian horizons the Capitan and its equiva- 


‘lents show the greatest similarity to the Whitehorse, but the evidence for 


equivalency is scarcely more than suggestive (pp. 276-77). 


An especially striking difference between the two faunas is the absence 
of productids and other strophomenoid brachiopods from the White- 
horse and their abundance in most of the Guadalupe Mountains fauna. 

The writer considers the contrast between the two faunas to be 
caused by differences in ecologic facies, and not by differences in age. 
The fauna of the Carlsbad limestone, only a little distance from the 
Delaware basin and definitely of Guadalupe age, shows many of the 
same contrasts with the other faunas of the Guadalupe Mountains 
(p. 607). Moreover, as first pointed out by Beede**? and con- 
firmed by Newell,®** some of the common Whitehorse species occur in 
the Carlsbad limestone in the back-reef area of the Guadalupe Moun- 
tains (p. 581). Under the circumstances, the resemblances noted be- 
tween the Whitehorse and Guadalupe faunas may prove to be more 
significant than the differences. 

3% J. W. Beede, op. cit. (1907), p. 115. 


397 J. W. Beede, “The Correlation of the Guadalupian and Kansas Sections,’ 
Amer. Jour. Sci., 4th Ser., Vol. 30 (1910), p. 136. 


398 N. D. Newell, of. cit. (1940), pp. 279-80. 
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CORRELATION OF OCHOA SERIES 
GENERAL FEATURES 


The Ochoa series in the Delaware Basin area is a nearly unfossili- 
ferous sequence of evaporites, with minor layers of dolomitic lime- 
stone and redbeds. As typically developed, it consists of the Castile, 
Salado, Rustler, and Dewey Lake formations (column 3, Pl. 2). Of 
these, the Castile is confined in its extent to the basin, and passes out 
by overlap along its margins. The higher formations extend northward 
and northeastward into the Northwestern Shelf area, the Central 
Basin platform, and the Midland basin (columns 4, 7, and 8, Pl. 2). 
Southwestward, the evaporites tend to be replaced by dolomitic lime- 
stones, and are probably partly represented by the Tessey limestone 
of the Glass Mountains. 


MARFA BASIN AND RELATED AREAS 


In the series of the Permian that preceded the Ochoa, evaporites 
and redbeds pass southwestward into fossiliferous marine deposits. 
The same situation probably existed during Ochoa time, but with the 
line of transition displaced farther southwest. The deposits in West 
Texas undoubtedly formed in water connected with the sea, for an in- 
flow of sea water was necessary to supply the vast quancities of an- 
hydrite, salt, and other sediments deposited by evaporation. When the 
evaporites of the Ochoa were deposited in West Texas, marine deposits 
may perhaps have been laid down farther southwest. Whether rem- 
nants of these deposits remain in that area is, however, uncertain. 

In the area southwest and south of the Delaware basin, no equiva- 
lents of the Ochoa series have been certainly identified. The highest 
beds exposed near Shafter, in the Marfa basin, appear to be of Capitan 
age, and are overlain unconformably by the Cretaceous. The highest 
beds beneath the Cretaceous at Las Delicias, Coahuila, appear from 
the ammonoid evidence to be near or only a little above the top of the 
Guadalupe series. If any younger beds were ever laid down in these 
two areas, they were afterwards removed by post-Permian and pre- 
Cretaceous erosion. 


AREAS NORTH AND NORTHEAST 


Present subsurface evidence indicates that the Salado, Rustler, 
and Dewey Lake formations are present over wide areas of the North- 
western Shelf area, the Central Basin platform, and the Midland ba- 
sin, but that they do not reach to the outcrops of central Texas and — 


Oklahoma. 
At one time, Cartwright®® correlated the beds now assigned to 
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the Dewey Lake redbeds with the similar Quartermaster formation of 
the central Texas and Oklahoma outcrops. He indicated, however, 
that the Rustler and Salado formations thinned out and disappeared 
between these redbeds and the Whitehorse group beneath. Other ge- 
ologists have correlated the Rustler with the Alibates dolomite of the 
Amarillo region, which is Cloud Chief in age.‘ 

Later work by Adams‘ and others confirms the thinning and dis- 
appearance of the Salado and Rustler north and east, but suggests 
that the Dewey Lake also fails to reach theroutcrop in that direction, 
being cut off by the unconformity at the base of the Triassic. In recent 
years, an unconformity has been discovered between the Rustler and 
the underlying Salado, and in places the Salado is so eroded that the 
Rustler extends for some distance beyond its feather edge. Adams‘? 
states that this discovery has not modified his original interpretation, 
and he believes that the Rustler and Dewey Lake are unrepresented 
on the outcrops on the northeast. 

According to Adams’ interpretation, the Alibates and Cloud 
Chief of Oklahoma and the Texas Panhandle are approximately 
equivalent to the Seven Rivers formation of the Whitehorse group 
farther south. If so, the Ochoa series is not represented by deposits in 
central Texas, the Texas Panhandle, and Oklahoma. This interpreta- 
tion is accepted on the accompanying chart (PI. 2), although it has not 
been completely proved. 


CHAPTER SIX 
PALEOGEOGRAPHY AND GEOLOGIC HISTORY 


INTRODUCTION 


The preceding chapters have been written primarily to assemble 
and interpret all the facts that. have a bearing on the history of the 
West Texas region in Permian time. This final chapter deals with 
Permian history and paleogeography, and is interpretative rather than 
factual. 

Several sets of maps of the West Texas region have been prepared 
to illustrate the discussion. These include two paleogeologic maps, one 

399 L. D. Cartwright, ‘Transverse Section of Permian Basin, West Texas and 
Southeast New Mexico,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 14 (1930), Pl. 2, p. 970. 


400 Victor Cotner and H. E. Crum, “Geology and Occurrence of Natural Gas in 
Amarillo District, Texas,”’ ibid., Vol. 17 (1933), Table 1, p. 880. 


401 J. E. Adams, of. cit. (1935), pp. 1018-21. 
402 J. E. Adams, personal communication of April, 1939. 
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of the surface below Permian (Fig. 19), and one above it at the base of 
the Mesozoic (Fig. 24). There are also four structure-contour maps on 
successively higher surfaces (Figs. 20-23). The last set of maps shows 
the paleogeography during successive epochs of the period (Figs. 26- 
34), and includes the shifting outlines of shore lines, facies, and reef 
zones. 

The reader will find it profitable to compare the paleogeographic 
maps with those recently published by Hills.*°* He should note, how- 
ever, that the maps by the two authors were prepared on somewhat 
different principles. Each map in the present paper is a generalization 
of conditions during an epoch or part of an epoch. Each map of Hills 
represents conditions during a relatively brief interval, and is there- 
fore merely a sample of conditions as they existed during the epochs 
as a whole. 

Most of the maps probably contain many inaccuracies. In their 
present state, they indicate general ideas in the process of develop- 
ment, rather than established facts. On some of them, more detailed 
facts could probably be assembled by a geologist familiar with the 
subsurface record. On others, the available information is as yet too 
indefinite or poorly understood to give a clear idea of the relations. 


TECTONIC FEATURES 
STRUCTURE AT BEGINNING OF WOLFCAMP TIME 


Introduction.—In later Paleozoic time, the south-central United 
States was a region of marked crustal unrest. West Texas, as a part of 
the broader region, shared the instability of its surroundings. Move- 
ments were distributed through a number of pulsations, that took 
place intermittently during Pennsylvanian and Permian time. In West 
Texas, the most important pulsation was during the later Pennsyl- 
vanian and immediately before deposition of the Wolfcamp series. In 
the south-central United States, during this and other pulsations, 
mountains were raised in geosynclinal areas, and arches and basins 
were formed in the forelands. 

Marathon folded belt.—During Pennsylvanian and earlier parts of 
Paleozoic time, a geosyncline extended with sinuous course across 
Texas and into adjacent states. This has been called the Llanoria 
geosyncline.*® In the geosyncline was deposited a sequence of rocks of 
distinctive facies, including thick masses of clastic material. The geo- 


40% J. M. Hills, “Rhythm of Permian Seas—a Paleogeographic Study,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 26 (1942), Figs. 2-12, pp. 224-41. 

403 FE. H. Sellards, ‘‘The Pre-Paleozoic and Paleozoic Systems in Texas,” in “The 
Geology of Texas, Vol. 1,”’ Univ. Texas Bull. 3232 (1933), P- 23- 
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synclinal sediments are exposed in the Marathon basin and Solitario 
in West Texas (D-IV and D-V, Pl. 1), and in the Ouachita Mountains 
of Oklahoma and Arkansas. In the intervening areas, where they are 
buried by the Cretaceous, they have been penetrated by many wells.*” 

Studies of the rocks in the Marathon basin indicate that the geo- 
syncline was disturbed by several pulsations during Pennsylvanian 
time, but with the greatest toward the close, not long before Wolfcamp 
time.“ During this pulsation, the rocks of the geosyncline were 
strongly compressed by forces acting from the southeast, so that they 
were overfolded and overthrust northwestward. The area of the former 
Llanoria geosyncline in which such tectonic features are found is called 
in this paper the Marathon folded belt (Fig. 18). 

By this deformation, the previous geosynclinal area apparently 
was raised into mountain ranges.‘ These were eroded before the seas 
of Wolfcamp time overlapped their edges, so that in the western Glass 
Mountains the Wolfcamp deposits lie with marked unconformity on 
truncated and strongly deformed older rocks. It appears, however, 
that the folded belt continued to remain high during much of Permian 
time, and it was probably never covered extensively by the Permian 
sea. This land formed the southern margin of the sea, and from time to 
time contributed sediments to it. 

Foreland area.—During Pennsylvanian and older Paleozoic time, 
a foreland area lay northwest of the Llanoria geosyncline, and ex- 
tended far into the interior of the continent. Over this, a relatively 
thin sequence of dominantly calcareous sediments was deposited, 
whose sedimentary facies were very different from those of the geo- 
syncline. The pre-Wolfcamp foreland and its tectonic features are of 
special interest here, because this was the area in which the Permian 
rocks of West Texas were afterward deposited. 

Studies of the sequence in the foreland of West Texas suggest that 
it was not greatly disturbed by the older pulsations which took place 
in the geosyncline. At any rate, their effects were so mild, and are as 
yet so poorly understood, that for purposes of this paper they can be 
disregarded. The foreland was, however, markedly deformed in late 
Pennsylvanian and pre-Wolfcamp time, or during the same pulsation 


404 W. A. J. M. van der Gracht, ““The Permo-Carboniferous Orogeny in the South- 
Central United States,’ K. Akad. Wetensch. Amsterdam Verh., Afd. Natuurk., Deel 27, 
No. 3 (1931), pp. 87-108. 

E. H. Sellards, op. cit. (1933), pp. 127-40. : 

H. D. Miser, ‘Relation of Ouachita Belt of Paleozoic Rocks to Oil and Gas Fields 
of Mid-Continent Region,” Bull. Amer. Assoc. Petrol. Geol., Vol. 18 (1934), pp. 1959-77- 

45 P, B. King, “Geology of the Marathon Region, Texas,’’U. S. Geol. Survey Prof. 
Paper 187 (1938), pp. 134-36. 

46 P. B. King, op. cit. (1038), sections B, C, and D, PI. 20, p. 126. 
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as that which caused the great deformation in the geosyncline. 

The probable nature of the resulting features is suggested by the 
paleogeologic map of the surface on which the Wolfcamp and its 
equivalents were deposited (Fig. 19). This map is, however, based.on 
incomplete information. In some areas, sufficient data can be obtained 
from outcrops and wells (whose positions are indicated on Figure 19) 
to plot the outlines with a fair degree of accuracy. In others, little or 
no information is available. 

Information available in the better known areas suggests a working 
hypothesis that was used in sketching in the outlines in the poorly 
known areas: the larger tectonic features of pre-Wolfcamp time are 
supposed to have been closely related to the provinces of succeeding 
Permian time, with the main areas of uplift beneath the platforms, and 
with areas of less disturbance beneath the basins (cf. Fig. 18). 

Uplift beneath Diablo platform—The pre-Wolfcamp uplifts be- 
neath the Diablo platform and Central Basin platform trended north- 
northwest or northwest, approximately at right angles to the strike of 
the folds and faults of the Marathon folded belt. Their relations to the 
belt itself are uncertain. They may have been separated from it, as 
shown on Figure 19. On the other hand, they may actually have ex- 
tended up to or beneath the belt, and have been partly overridden by 
its thrust sheets. 

Some of the pre-Wolfcamp features beneath the Diablo platform 
are exposed in the Sierra Diablo and have been discussed in Chapter 
Three (Fig. 11). In that area, the pre-Wolfcamp rocks were broadly 
folded and somewhat faulted. Afterward, they were eroded so deeply 
that toward the south the Wolfcamp series overlaps on the pre- 
Cambrian. Similar relations can be observed on the outcrops in the 
Hueco Mountains,‘ and are suggested by a few wells drilled else- 
where. The extent of the uplift southeast of the Sierra Diablo is un- 
certain. However, along its trend and not far northwest of the Glass 
Mountains, Dodson’s Texas-American Syndicate well No. 1 (well 2, 
D-IV, Pl. 1) entered pre-Wolfcamp rocks which may lie directly be- 
neath the Leonard series (p. 646). This suggests a pre-Wolfcamp uplift 
in that area, which may be connected with the uplift beneath the 
Diablo platform. 

Uplift beneath Central Basin platform.—By means of deep drilling, 
similar features are being revealed beneath the Central Basin platform. 
On this platform, the main pre-Wolfcamp uplift appears to have been 
along its center. Here, beds of Wolfcamp and post-Wolfcamp age lie 


407 P. B. King, “Permian Stratigraphy of Trans-Pecos Texas,’’ Bull. Geol. Soc. 
America, Vol. 45 (1934), p. 716. 
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directly on older formations of the Paleozoic, or even on the pre- 
Cambrian. 

The pre-Cambrian has been found directly beneath the Wolfcamp 
or younger beds in the south part of the platform. Thus, the Shell 
Oil Company’s University well No. 1, Pecos County (well 25, E-III, 
Pl. 1), entered granite at the comparatively shallow depth of 4,750 
feet.°° This appears to be near the high point of the uplift. Farther 
north, wells have encountered Ordovician rocks equivalent to the 
Ellenburger and Simpson groups directly beneath the Wolfcamp or 
younger beds.‘ In the Sand Hills oil field, Crane County (E-III, 
Pl. 1), the Simpson equivalent is reached at about 5,800 feet. North 
of this field, the nature of the uplift is uncertain. It may extend some 
distance farther, because the Perkins-American Liberty’s Cowden 
well No. 1, southwestern Andrews County (well 19, D-II, Pl. 1) en- 
tered dark shales of probable Devonian or Mississippian age directly 
below the Wolfcamp.“° 

Toward the edges of the Central Basin platform, there was prob- 
ably only slight uplift in pre-Wolfcamp time. On its south flank, the 
Humble Oil and Refining Company’s White and Baker well No. 1, 
Pecos County (well 13, E-IV, Pl. 1) entered a thick sequence of 
Pennsylvanian rocks below the Wolfcamp series.“! On its east flank, 
the Gulf Oil Corporation’s McElroy well No. 103, Upton County 
(well 4, E-III, Pl. 1), encountered a similar sequence. 

Other uplifts—Pre-Wolfcamp uplifts probably exist elsewhere in 
the West Texas region, but their character and relations are im- 
perfectly known. On the map (Fig. 19), they are shown as minor 
features, but later drilling may prove that they are equal to or greater 
than the two already described. 

One of these uplifts, which at present appears to be a flank fold 
east of the uplift of the Central Basin platform, lies beneath the anti- 
clines that extend through the Big Lake and Powell fields of Reagan 
and Crockett counties (F-III and F-IV, Pl. 1). In the Big Lake field, 

408 H. Sellards, op. cit. (1933), p- 52- 


409 —. H. Powers, “Sand Hills Area, Crane County, Texas,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 24 (1940), Fig. 2, p. 121, and Fig. 5, p. 132. 
_ __ Taylor Cole, “Ordovician Development, Apco Structure, Pecos County, Texas,”’ 
ibid., pp. 478-05. 

410 W. C. Fritz and James Fitzgerald, ‘‘South-North Cross Section from Pecos 
County through Winkler County, Texas, to Roosevelt County, New Mexico,”’ zbid., 


21 
According to J. W. Skinner, personal communication of January, 1939, the shales 
contain plant spores which Robert Roth has identified as Sporangites huronensis, a spe- 
cies that also occurs in the Woodford chert of Oklahoma. 
“1 J. B. Carsey, “Unconformities in the Humble White and Baker Deep Test, 
Pecos County, Texas,’’ Univ. Texas Bull. 3501 (1936), pp. 127-29. 
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less than 300 feet of Pennsylvanian lies between the Wolfcamp equiva- 
lent and the Ordovician.*” In the Superior Oil Company’s Massey 
well No. 1, Crockett County (well 28, F-IV, Pl. 1), even this small 
thickness of Pennsylvanian appears to be absent.*!* 

Another uplift apparently lies farther north, beneath part of the 
Northwestern Shelf area, in Roosevelt County, New Mexico, and 
Cochran County, Texas. In this area, the Shell Oil Company’s Har- 
wood well No. 1 (well 24, D-I, Pl. 1), and the Humble Oil and Refining 
Company’s Westheimer and Daube well No. 1 (well 12, E-I, Pl. 1) 
passed from beds of Wolfcamp age into quartzites and igneous rocks of 
probable pre-Cambrian age.‘ Drilling is not extensive enough to re- 
veal the nature of this uplift. It may be a broad swell that was positive 
through much of Paleozoic time, or it may be a buried ridge similar to 
those of the Red River uplift on the east and the Amarillo uplift on 
the north.“ 

Areas of less disturbance.—The hypothesis that the basins of Perm- 
ian time were areas of little disturbance in pre-Wolfcamp time is 
based on relatively few well records and outcrops. In the Midland 
basin, the Humble Oil and Refining Company’s Pollock well No. 1, 
Upton County (well 11, F-III, Pl. 1), passed from equivalents of the 
Wolfcamp series into upper Pennsylvanian rocks. Similar relations are 
found to the east, on the outcrops in central Texas, within the Eastern 
Shelf area, where equivalents of the Wolfcamp lie with little or no un- 
conformity on the highest Pennsylvanian (Cisco). 

In the northwest part of the Delaware basin, in two wells drilled 
in the Delaware Mountains, N. B. Updike’s Williams No. 1, and An- 
derson-Prichard’s Borders No. 1 (wells 29 and 1, C-III, Pl. 1), the 
Wolfcamp series is underlain by shales and limestones with Triticites, 
which are probably upper Pennsylvanian in age (p. 563). In the 
Marfa basin, Skinner’s work in the Chinati Mountains has indicated 
that the Wolfcamp series lies on the upper Pennsylvanian (p. 673). 

Comparison with Oklahoma.—The pre-Wolfcamp tectonic features 


412 F. H. Sellards, H. P. Bybee, and H. A. Hemphill, “Producing Horizons in the Big 
Lake Oil Field, Reagan County, Texas,”’ Univ. Texas Bull. 3001 (1930), pp. 155-59. 


413 R. E. King, letter of May, 1938. 
414 R. E. King, letter of November, 1939. 


416 Two additional wells furnish evidence regarding this positive axis. The Humble 
Oil and Refining Company’s Bird well No. 1, in the southeast corner of Hale County, 
went through the Wolfcamp into a thin Pennsylvanian and Mississippian sequence and 
thence into pre-Cambrian. Merry Brothers and Perini’s Pursell well No. 1, near Nar- 
cisso in Cottle County, went from Wolfcamp into Pennsylvanian and then into pre- 
Cambrian. The Red River arch lines up with these wells and with the two wells men- 
tioned by King. The same line may be projected west-southwest to where the Ordo- 
vician and Silurian beds thin out below the Pennsylvanian in the Oscura Mountains of 
New Mexico.—Editorial note. 
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in West Texas closely resemble those in southern Oklahoma. In that 
area, a belt of strongly folded and faulted geosynclinal rocks lies on the 
southeast in the Ouachita Mountains, along the northeastward con- 
tinuation of the Marathon folded belt. In the foreland on the north- 
west are uplifted ridges of folded and faulted rocks. These are exposed 
in the Arbuckle and Wichita mountains and the Criner Hills, and have 
been encountered in many other places by drilling. They trend in a 
general west-northwest direction, and like the uplifts in West Texas 
lie nearly at right angles to the strike of the folded geosynclinal rocks 
on the southeast. At their southeast ends, the ridges impinge against 
the folded geosynclinal rocks, and are in part overridden by them. As 
in West Texas, the deformation of the southern Oklahoma area took 
place during various pulsations in Mississippian, Pennsylvanian, and 
Permian time. 

The present superficial appearance of the West Texas and Okla- 
homa areas is very different, but this is largely because of differences 
in the post-deformation history of the two areas. During the Permian 
the environment of the Oklahoma area was terrestrial, and thick 
masses of redbeds and other clastics were spread out around the uplifts 
in the foreland. In West Texas, on the other hand, uplifts and basins 
of the pre-Wolfcamp disturbance were submerged beneath the sea 
during the Permian. The marine deposits which covered them pro- 
duced reef deposits and many other masking features. 


STRUCTURE DURING PERMIAN TIME 


Larger features.—Following the pre-Wolfcamp deformation, and 
throughout Permian time, the West Texas region was divided into a 
number of large units or provinces, which received contrasting sets of 
deposits and probably had unlike tectonic behaviors. These are the 
basins, platforms, and shelves (Fig. 18). 

The basins were dominantly negative areas, each 100 miles or more 
across. They are dispersed along the north margin of the Marathon 
folded belt, and are partly connected near the belt and at their south 
ends by narrow passage-ways or channels. Strata in the basins lie at 
much lower altitudes than equivalent beds in the platforms and 
shelves (Figs. 20 and 21). Moreover, the basins received greater 
thicknesses of Permian sediments than the other areas, and in some 
places nearly twice as much (p. 618). 

The platforms were positive nuclei, that rose as narrow, elongate 
masses between the basins. They were separated from the Marathon 
folded belt on the south by the channels that connected the basins. 
Toward the northwest, they were joined to the broad, mildly positive 
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Northwestern Shelf area. One of them, the Central Basin platform, is 
separated from the shelf by a syncline, on opposite sides of which the 
tectonic features appear to be somewhat different, as though the two 
areas were of unlike character. The Northwestern Shelf area, and 
others in West Texas, appear to have been less strongly positive than 
the platforms, and in part were merely sloping surfaces along the 
edges of the basins. 

The provinces are not post-Permian features, but were in the 
process of formation during Permian time. Their development during 
the Permian is suggested by the structure-contour maps (Figs. 20-23) 
which are drawn on successively higher horizons. Each map shows only 
those features that developed after the bed contoured was deposited, 
and each higher horizon shows a less complex structure than those 
beneath it. 

The contours on Figure 20 are drawn on the base of the Wolfcamp 
series, for which relatively fewer data are available than for the suc- 
ceeding maps. There is, however, enough information to show that 
the configuration of the horizon is notably irregular, so that the 

‘provinces stand out prominently. The structure of this horizon has 
been formed by all movements that took place in Permian and post- 
Permian time. The contours on the next two maps (Figs. 21 and 22), 
which are drawn on successively higher horizons in the Permian, are 
each a little more widely spaced than on the ones preceding, so that 
the outlines of the provinces become fainter. Some movements evi- 
dently took place between the time of each horizon contoured and the 
next. 

The structure as it existed at the end of Permian time, and before 
the deposition of the Mesozoic formations, is suggested by the paleo- 
geologic map of the pre-Mesozoic surface (Fig. 24). On this, the posi- 
tive and negative areas are still reflected to some extent. However, 
the main cause of this reflection is not early Mesozoic movements, 
although some of these may have taken place. More likely it is due to 
the relatively thin sequences of Permian rocks laid down on the 
positive areas, so that in such places the older rocks were more acces- 
sible to early Mesozoic erosion than elsewhere. 

During Mesozoic and later time, the provinces of the Permian were 
almost inactive as tectonic features, and are scarcely reflected in the 
structure of the Mesozoic rocks. The contours on Figure 23, which are 
drawn on a horizon in the Cretaceous, give no hint of the irregularities 
in the Permian rocks beneath, but show only features of later trend 
and origin. 

Linear trends.—Extending across the larger features, and imparting 
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a distinctive grain to their surfaces, are numerous minor tectonic 
features, in which the linear element dominates. These include the 
flexures in the Guadalupe Mountains region discussed in Chapter 
Three (pp. 623-634), the minor folds on which many of the oil fields 
are located, and various faults and dikes. The linear features can be 
made out on Plate 1, but for purposes of emphasis they are also shown 
separately on Figure 25. As suggested by this figure, the trends seem 
to fit into several systems, which are listed in Table IX, along with 


typical examples. 


TABLE IX 
Location and Co-ordi- Rocks 
Systems and Features nates on Plate 1 Involved 
1. Northwest-trending system 
a. Babb and Victorio flexures Sierra Diablo, Hudspeth Permian 
County. B-III 
b. Reef zone in Apache Mountains Culberson County. C-III Permian 
c. Hovey anticline and relatedfolds Jeff Davis, Reeves, and Permian to Ter- 
Brewster counties. D-IV _ tiary 
d. Folds on east flank of Central Gaines to Pecos counties. Permian 


Basin platform 
e. Anticlines of Big Lake, Powell, 


E-II and E-III 
Reagan and_ Crockett 


Permian and 


and Todd fields counties. F-III and F-IV_ older 
2. Northeast-trending system 
f. Y O and other faults County. C-1 and Permian 
II 
Reef zone in Guadalupe Moun- Culberson and Eddy Permian 


tains 

h. Pre-Wolfcamp folds and faults 
of Marathon basin 


counties. C-III 
Brewster County. D-IV 


Pennsylvanian 
to Cambrian 


i. Flexure of Wasson field Yoakum County. E-I Permian 
j. Anticlines of Chalk and West- Howard and Mitchell Permian 
brook fields counties. F-IT 
3. North-northwest-trending system 
k. West edge of Central Basin plat- Lea to Pecos counties. Permian 


form 
1. Faults on west side of Guadalupe 
and Delaware mountains 


D-II and D-III 
Culberson County. C-III 


Cenozoic age 


m. Huapache flexure Eddy County. C-II Permian 
4. East-west-trending system 
n. Anticlines of Artesia, Maljamar, Eddy and Lea counties. Permian 
and related fields -il 
o. Dikes northeast of Roswell Chaves County. C-I Tertiary 


Much yet remains to be learned regarding the linear features, and 


the systems into which they appear to fall. The systems themselves 
may not be natural units, but may include some unrelated features. 
They are, however, a significant element in the tectonic pattern of the 
region, and deserve further study. One phase of the study should be 
to determine more exactly the ages of the features. The systems ap- 
parently include features of several different ages, as well as features 
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that were formed during several periods of movement. As a sample of 
the age relations of the features, the known times of movement for the 
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system that trends northwestward are indicated in Table X. 
TABLE X 


Feature 


Age 


Related Features 


Age 


a. Babb and Vic- 
torio flexures 


b. Reef zone in 
Apache Mountains 


c. Hovey anticline 
and related folds 


d. Folds on east 
flank of Central 
Basin platform 


e. Anticlines of 
Big Lake, Powell, 
and Todd fields 


Formed during 
Permian! 


Formed during 
Permian! 


Involve Tertiary 
rocks; latest 
movement of Ce- 
nozoic age? 


Involve Permian 
rocks, and are 
only faintly ex- 
pressed in over- 
lying rocks 


Prominent system of 
faults and _ joints, 
cutting all rocks from 
pre-Cambrian to Cre- 
taceous 

Fault zone on north 
side of mountains, 
cutting Permian and 
Cretaceous rocks 
Pre-Wolfcamp uplift 
suggested by Dodson 
well 

Reef zone suggested 
by Humble’s McCut- 
cheon well 

Anticline in Permian 
rocks in northwest- 
ern Glass Mountains 
Fold in Goldsmith 
field 

Joints in Tertiary 
cap rock of Lea 


County, suggested 
by alignment of sink 
holes® 


Faults range in age 
from pre-Ordovician 
to Cenozoic; joints 
probably similar in 
ages! 

Probably Cenzoic in 
age! 


Pre-Wolfcamp* 
Formed during Per- 
mian*® 


Pre-Cretaceous and 
post-Cretaceous 
movements! 

Main development 
during later Per- 
mian® 

Apparently of Ce- 
nozoic age 


Involve Permian and older rocks. Area was positive during 
several epochs of pre-Wolfcamp time, and was deformed again 
during Permian. Is only faintly expressed in Triassic and Cre- 


taceous rocks? 


1 Figures 8 to 11 of this paper. 


2 Pp. B. King, ‘Outline of Structural Development of Trans-Pecos Texas,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 19 (1935), P- 246. 


3 Page 646 of this paper. 


4 P. B. King, “‘ Geology of the Glass Mountains, Part 1, Descriptive Geology,” Univ. Texas Bull. 
3038 (1931), p. 121 and Pls. 10-12. 


5 Addison Young, Max David, and E. A. Wahlstrom, “Goldsmith Field, Ector County, Texas,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), PP. 1533-37: 


6 F. A. Melton, “Fracture Systems in Central Texas,” in “The Geology of Texas, Vol. 2,” Univ. Texas 


Bull. 3401 (1935), Pp. 122. 


7 E. H. Sellards, “Structural Geology of Texas East of Pecos River,” ibid., pp. 125-28. 


Origin of Permian features.—In Chapter Three, the theory was de- 


veloped that the provinces of Permian time in the Guadalupe Moun- 
tains region were primarily tectonic features, and that depositional 
and erosional features seen on them are secondary. Similar conclusions 
seem justified elsewhere in the West Texas region. 

The basins, platforms, and shelves of Permian time are closely re- 
lated in plan to the tectonic features formed during the pre-Wolfcamp 
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orogeny. Representation of these features on the map (Fig. 19) is not 
entirely objective, but enough is known to suggest that beneath each 
platform is an uplift in the pre-Wolfcamp rocks, whereas beneath the 
basins the pre-Wolfcamp rocks may be little disturbed. Moreover, the 
basins and their connecting channels are dispersed along the front of 
the pre-Wolfcamp Marathon folded belt, as though there were some 
relation between them. 

It is possible that the pre-Wolfcamp surface, although greatly 
reduced by erosion, remained sufficiently irregular through Wolfcamp 
and Permian time to give rise to the provinces. In places on the plat- 
forms the Wolfcamp series is missing as though by overlap, and in 
places the relief at the time of Wolfcamp deposition apparently 
amounted to several hundred feet (pp. 677-79). But inspection of 
the map (Fig. 20) indicates that the present relief on the base of the 
Wolfcamp is 7,500 feet or more within relatively short distances. The 
sediments do not indicate that such marked relief existed during 
Wolfcamp time. Thus, the Wolfcamp series contains no detritus 
washed off high mountain ranges, or any deposits laid down at 
abyssal depths. Most of the relief of the pre-Wolfcamp surface prob- 
ably originated instead during Wolfcamp and post-Wolfcamp time. 

Some of the structural relief on the different horizons in the Per- 
mian (especially the one contoured on Fig. 21) may have arisen from 
deposition. Areas that originally stood high tended to be masked by 
reefs, banks, and other limestone deposits, which were built up in such 
a manner that they continued to project above their surroundings on 
the sea floor. These certainly account for many of the irregularities 
shown on Figure 21. But, as suggested in Chapter Three (pp. 640-42), 
the probable ultimate cause for the location of these depositional 
features was itself tectonic. Moreover, such deposits, although pro- 
jecting above their surroundings, never attained a total thickness equal 
to that of the sediments laid down in the basins. 

Some minor features in the Permian rocks are purely of superficial 
origin. Such are the irregular depressions in the surface of the Rustler 
formation that occur in the Delaware basin, especially along the 
Pecos River (Fig. 22). They appear to have originated by removal 
of soluble salt in the underlying Salado formation, probably by deeply 
circulating ground water. As shown in numerous published cross 
sections, the beds beneath the Salado are not involved in the super- 
ficial structure. 


416 J. E. Adams, “Oil Pool of Open Reservoir Type,’’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20 (1936), Fig. 2, p. 782. 

A. L. Ackers, R. DeChiccis, and R. H. Smith, “Hendrick Field, Winkler County, 
Texas,”’ ibid., Vol. 14 (1930), Fig. 2, p. 928, and p. 930. 
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Aside from the features just discussed, the irregularities of the 
surfaces developed at different times on the Permian strata probably 
resulted from differences in subsidence in the respective provinces. 
The basins went down farther than the surrounding areas, and hence 
lay structurally lower and received more sediments. The platforms and 
shelves subsided less. At times, the platforms and shelves emerged, 
but whether from actual uplift, or from broad eustatic changes in sea- 
level is as yet uncertain. The minor, dominantly linear features that 
cross the larger features were either formed or accentuated during the 
subsidence. 

Part of the subsidence was no doubt caused by greater compaction 
of the sediments laid down in the basins than in the surrounding areas, 
and part by isostatic adjustment. The possible effects of such processes 
are, however, too small to account for the whole of the resulting fea- 
tures. Evidence in the Guadalupe Mountains region suggests that the 
Delaware basin did not subside because it was loaded with sediments, 
but that subsidence and sedimentation were independent processes 
(p. 622). Apparently the origin of the provinces of Permian time must 
be sought in some more fundamental phase of crustal deformation. 

Van der Gracht*’ aptly characterizes the basins of the West Texas 
Permian as parts of 


a deepening foredeep in front of the Marathon-Solitario branch of the late 
Paleozoic mountain system. ... The great depth at its southern extremity, 
bordering the Marathon ranges, marks the influence of the latter. 


Perhaps, in accord with Bucher’s theories,*!* one can explain the fore- 
deep and its component basins as caused by yielding during a long 
epoch of dominant crustal tension, succeeding the epoch of dominant 
crustal compression in pre-Wolfcamp time. 

Bybee*® has, in fact, suggested that the outlines of the Central 
Basin platform and other tectonic features east of the Delaware basin 
are comparable with those of the Cenozoic block-faulted mountain 
ranges farther west. The known tectonic features of this region are, 
however, so masked by sedimentary features, that the possibility of 
their being of tensional origin is very difficult to prove or disprove. 
More data of many sorts are needed before definite conclusions can be 
drawn, and geophysical observations on the deeper parts of the crust 
would be especially helpful. 


417 W. A. J. M. van der Gracht, op. cit. (1931), pp. 80-81. 

418 W. H. Bucher, The Deformation of the Earth’s Crust (Princeton, 1933), pp. 139-41. 

419 H, P. Bybee, “Some Major Structural Features of West Texas,” Univ. Texas Bull. 
3101 (1931), pp. 19-26. 
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Equally obscure is the origin of the minor linear features. Because 
many different times of movement are recorded on them, they may 
reflect old lines of weakness in the pre-Wolfcamp rocks, such as lines 
of folding, fracture zones, or schistosity. Such lines were no doubt 
sought out during each later deformation, whether of compressional 
or tensional origin. They may also have directed the growth of dep- 
ositional features, and influenced compaction, salt removal, or other 
near-surface phenomena. 


SEDIMENTARY FEATURES 
GENERAL CHARACTER 


Permian deposits are characterized by a great variety of sedi- 
mentary facies, which include marine clastic and calcareous sedi- 
ments; anhydrite, salt, and other evaporites; and non-marine red- 
beds, all of which are complexly interbedded and interfingered. Their 
peculiar features resulted in part from a warm, dry climate, by which 
evaporation was encouraged, and in part from a gradual retreat of the © 
epi-continental seas. At the beginning of Permian time, the seas 
spread over much of the Cordilleran and Mid-Continent areas, but 
toward its close, the inner edge of the seas lay either in or south of the 
West Texas region. In West Texas, the detailed features of the dep- 
osits were further influenced by irregularities on the sea floor that are 
parts of the basins, platforms, and shelves of Permian time. 


THICKNESSES OF SEDIMENTS 


If it is assumed that an area, such as the West Texas region, whose 
parts subsided unequally, received ample and equally distributed 
amounts of sediment, unequal thicknesses would be deposited in dif- 
ferent places. 

In the basins, or areas of greatest subsidence, where the floor was 
carried down rapidly below the base-level of deposition, much sedi- 
ment would be permanently entrapped, and would be built up more 
rapidly than in surrounding areas. On the platforms, which would re- 
main for a longer time near the base-level of deposition, or at times 
might rise above it, permanent accretions of sediment would gather 
more slowly. Deposition might cease from time to time, or sediments 
that had been laid down might be swept away, either by submarine 
or subaerial erosion. 

Because of these conditions, one would expect thick, conformable 
sequences in the basin areas, and thinner sequences, separated by 
many diastems and several unconformities in the platforms and 
shelves. 
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REEF DEPOSITS 


During parts of the Permian period, these simple relations were 
complicated by other factors. If sediments should not be received by 
the basins in sufficient volume to keep pace with subsidence, the 
floors of the basins would become lower than their surroundings. 
Within the basins, there would thus be masses of quiet, cool, and deep 
water. The adjacent platforms and shelves would stand higher, and 
over them would spread warmer, more agitated shoal water. These 
conditions would influence the solubility of calcium carbonate. On the 
platforms and shelves it would be less soluble than in the basins, and 
would tend to be precipitated. Because of the available supply of cal- 
cium carbonate, and because the agitated water would favor food- 
getting, lime-secreting organisms would thrive along the margins of 
the basins. As the water would already be saturated with lime, their 
shells would not be leached after death, so that permanent deposits of 
limestone, in the form of reefs or banks, would be built up in these 
areas. 

With the formation of such limestone barriers, the transportation 
of sediments into the basins would be inhibited. Sedimentation then 
would go on more slowly than in the surrounding areas. The thickness 
of deposits laid down would then not equal the amount of subsidence, 
and deep hollows might form on the sea floor in the basin areas. Evi- 
dence for depths of 1,000 feet or more of water in the Delaware basin 
in later Guadalupe time (also the time of maximum reef building) has 
already been noted (pp. 637-639). 

Such great depths are exceptional in the epi-continental seas, at 
least outside of areas of marked tectonic activity, but the amount of 
subsidence which took place in the West Texas region was no greater 
than in many other areas of sedimentation on the continent. The 
great depths resulted from exceptional geographic conditions, which 
prevented the subsiding areas from being leveled off by sedimentation 
as rapidly as they went down. 


EVAPORITE DEPOSITS 


Because of the dry climate and the progressive retreat of the 
Permian sea, the shallow waters farthest inland were consumed by 
evaporation, thereby concentrating the dissolved salts, and precipitat- 
ing them as anhydrite, halite, and other minerals. 

In the West Texas region, these tendencies were accentuated by 
the irregularities on the sea floor, which were primarily of tectonic, 
and secondarily of erosional and depositional origin. These features 
caused large areas to be shut off from free access to the sea, thus 
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permitting precipitation by evaporation, yet allowing a sufficient con- 
nection to remain so that further sea water could be added from time 
to time, thus causing evaporite deposits of great thickness to be laid 
down. 

Because of the growth of limestone barriers, and because of the 
progressive retreat of the sea, each successive basin toward the south- 
west tended to be shut off from the sea in turn, so that the older 
marine deposits in them are succeeded upward by evaporite deposits. 
The lowest evaporite deposits in the southwestern basins are, however, 
younger by several epochs than the lowest evaporite deposits in basins 
on the northeast. 

Mansfield*°® contributes the following note regarding the post- 
depositional history of the evaporite beds. 

The work of Schaller and Henderson in cores from potash test wells in south- 
eastern New Mexico and western Texas shows a remarkable amount of re- 
placement activity between gypsum and halite, anhydrite and halite, an- 
hydrite and polyhalite, halite and sylvite, and between other pairs of minerals. 
Equilibrium in the brine solutions changed with degree of concentration and 
with changes in temperature and pressure, so that different salts were formed 
at different times. The salt basins apparently never dried out or evapoated 
completely but the salts and more or less of their containing brines were 
buried by later sediments and have so remained until today, for brine of com- 
position similar to the enclosing salts may be squeezed out of them now. Dur- 
ing disturbances, and loadings and unloadings by deposition and erosion, the 
salt beds may have continued to form and reform in one combination and 
another long after Permian time, and such changes may be in progress today. 


INFLUENCE OF MARGINAL LANDS 


Around the margins of the West Texas region, at greater or lesser 
distances, were land areas, some of which were low-lying but others of 
which projected to considerable heights. From them were derived most 
of the clastic rocks that were laid down in the region during Permian 
time. 

The marginal lands to the south were a part of the Marathon folded 
belt and its hinterland of Llanoria, and probably stood at mountainous 
heights after the folding and faulting of pre-Wolfcamp time. Clastics 
were shed from them, at least into the southern part of the West 
Texas region, for the Wolfcamp and Leonard series in the Glass 
Mountains contain fragments that can be matched with the rocks of 
the folded belt. They were not, however, spread far north, for the 
equivalent Hueco and Bone Spring formations in the Guadalupe 


420 G. R. Mansfield, memorandum of March, 1940. 
, “Role of Physical Chemistry in Stratigraphic Problems,” Econ. Geol., Vol. 


32 (1937), PP. 541-49. 
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Mountains region consist of limestones and black, calcareous shales. 
After the pre-Wolfcamp deformation, the marginal lands on the south 
underwent further intermittent upheaval, as suggested by the uncon- 
formity between the Wolfcamp and Leonard series in the Glass 
Mountains, the unconformity between the Clear Fork and the San 
Angelo sandstone in central Texas, and the unconformity between the 
Dog Creek shale and the Whitehorse group in the same area. Above 
each unconformable surface are sandstones and conglomerates, part 
of which appear to thicken southward toward the marginal lands. 

The marginal lands on the north include the Arbuckle and Wichita 
mountains, and the Amarillo uplift of north Texas and Oklahoma, and 
the Ancestral Rocky Mountains of the Cordilleran province. These 
also were raised to mountainous heights as a result of deformation 
during the Pennsylvanian, and denudation laid bare the basement 
rocks along their crests. Some were worn down to low relief during 
Permian time, and some were buried by later Permian sediments. 
Others may, however, have undergone intermittent upheaval, and have 
shed off further masses of clastic sediments. 

Sandstones and redbeds were spread out around the uplifts, some 
of which extend into the West Texas region, forming parts of the 
Wichita, Clear Fork, San Angelo, and Whitehorse deposits on the 
northeast, and of the Manzano deposits on the northwest. Deposits 
of this type tended to encroach progressively farther from the lands 
into the West Texas region toward the end of Permian time, following 
the retreating Permian sea and its fringe of evaporite deposits. 

The sandstones within the basins themselves, such as those which 
constitute the Delaware Mountain group, are probably of more com- 
plex origin and derivation, and represent the small part of the clastic 
material which was washed out from the marginal lands, and was able 
to filter through the encircling barriers. The finer texture of the sands 
in the upper part of the Delaware Mountain group than in the lower, 
and their disappearance from the Ochoa series above, indicates that 
the lands from which they were derived were either lowered progres- 
sively by denudation, or that the basin area was first partly, and then 
wholly shut off from the land by the encircling barriers. 


COMPARISON WITH MODERN FEATURES 


The limestone reefs of the West Texas Permian have many re- 
semblances to those in modern tropical seas that were built up during 
Cenozoic time, and which in part are still in the process of growth.! 


421 These have been described in many publications. Perhaps the best general 
a is W. M. Davis, “The Coral Reef Problem,”’ Amer. Geog. Soc. Spec. Pub. 9 
1928). 
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In these seas, as in those of West Texas during the Permian, there are 
thick accumulations of limestone, parts of which are elongate reef 
masses, constructed by colonies of corals, calcareous algae, and numer- 
ous other lime-secreting organisms. The reefs generally slope abruptly 
seaward into deep water, and merge landward into horizontal lagoonal 
deposits. 

The differences between the modern features and their ancient 
Permian counterparts seem to result from their respective geographic 
settings. The modern features lie mainly along continental margins, 
or on the shores of oceanic islands. In nearly all of them, the surface 
descends to oceanic depths in front, and rises to hilly or mountainous 
heights behind. By contrast, the Permian features formed in a nearly 
landlocked embayment of the sea, bordered in part by a low-lying con- 
tinental surface. One result is that in the modern examples the lagoonal 
areas are relatively narrow, whereas in the Permian example the areas 
corresponding to the lagoons were very broad. Modern lagoonal de- 
posits are thus dominantly marine, whereas the Permian deposits 
include broad sheets of evaporites and terrigenous clastic sediments. 

Possibly the closest modern analogue to the Permian deposits 
exists in the Bahama Islands, southeast of the United States.*” In this 
region are numerous broad, flat-topped banks, covered by shallow 
water or rising here and there in low islands. These slope abruptly into, 
and are separated by marine waters in tongues, sounds, and channels 
many thousands of feet deep. The known surfaces of the banks consist 
of calcareous deposits, including limestone reefs; and similar rock may 
extend to great depths. A particularly suggestive comparison can be 
made between the cul-de-sac of the Tongue of the Ocean, between 
Andros and Providence islands in the Bahamas, and the Delaware and 
other basins in West Texas. Unlike West Texas, however, the Bahamas 
lie at considerable distances from any marginal lands, and their de- 
posits probably include little or no clastic terrigenous sediments. 

Curiously enough, less is actually known of many features in the 
modern Bahamas than in the Permian of the West Texas region. Only 
one bore hole, to a depth of a few hundred feet, has been put down in 
the Bahamas, and this did not reach basement rocks. Moreover, in- 
formation on the nature of the sediments now being deposited there is 
relatively meager, especially in the deeps between the banks. 


“2H, H. Hess, “Interpretation of Geological and Geophysical Observations,”’ 
Navy-Princeton Gravity Expedition to West Indies in 1932 (U. S. Hydrographic Office, 


1933), PP. 38-54- : 
Charles Schuchert, Historical Geology of the Antillean-Caribbean Region (New 


York, 1935), pp. 528-40. 
C. O. Dunbar, “Permian Faunas: a Study in Facies,’’ Bull. Geol. Soc. America, 


Vol. 52 (1941), pp. 322-24. 
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WOLFCAMP TIME 
GENERAL FEATURES 


Conditions of sedimentation during Wolfcamp time were in general 
similar to those that existed later in the Permian, although the faunas 
are considerably different from those above, and have many resem- 
blances to those in the Pennsylvanian. During Wolfcamp time, as in 
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34). These maps show paleogeographic features of West Texas region during successive 
epochs or sub-epochs of Permian time. 


the later epochs, the basins of West Texas received calcareous de- 
posits (Fig. 27). Farther inland, however, the calcareous deposits 
intergraded with redbeds, some of which are of terrestrial origin. 


LAND AREAS 


At greater or less distances, the area of Wolfcamp deposition was 
bordered by lands, some of which rose to considerable height, and most 
of which were raised during the pre-Wolfcamp disturbance. Toward 
the south, the Marathon folded belt rose as a mountain area, and was 
being actively eroded during Wolfcamp time. Conglomerates derived 
from it are present in the Wolfcamp series in parts of the Glass 
Mountains. Here and elsewhere, the Wolfcamp sea extended up to the 
northern margin of this land. 

On the north, areas of high land, for example, the Wichita and 
Arbuckle mountains of Oklahoma and the Ancestral Rocky Moun- 
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tains of northern New Mexico and Colorado, lay at a greater distance 
from the Wolfcamp seas of West Texas. On the south, between them 
and the seas, broad sheets of redbeds and other clastics were spread 
out. 

Within the foreland of West Texas, over which the Wolfcamp series 
was deposited, the series is missing in a few places, so that the Leonard 
series lies directly on older rocks. The Wolfcamp is absent near the 
middle of the Central Basin platform, as in the Sand Hills oil field. 
It is also absent at a few places in the Diablo platform, in the Sierra 
Diablo, and perhaps in Dodson’s Texas-American Syndicate well No. 1 
(well No. 2, Pl. 1), along the probable southeastward extension of the 
platform. As seen on the outcrop in the Sierra Diablo, the disappear- 
ance of the series is caused partly by overlap on the older rocks, and 
partly by erosion of its top before the deposition of the Leonard series 
(Fig. 6 B). The absence of the series in other places thus does not indi- 
cate definitely that it was never laid down. Some of the areas where the 
series is missing, may, however, have projected as islands in the Wolf- 
camp sea. 


DEPOSITS 


Marginal clastics.—Clastics of various sorts fringed the lands mar- 
ginal to the area of deposition (Fig. 27). Toward the south, along the 
edge of the Marathon folded belt, marine, non-red conglomerates, 
sandstones, and shales were laid down, which are typified by the Wolf- 
camp series as exposed in the Glass Mountains. 

Toward the north was a broad sheet of red sandstones, arkoses, 
shales, and thin marine beds, parts of which constitute the Wichita 
group of northern Texas and the upper part of the Magdalena group 
of New Mexico. These deposits spread over older ones of marine origin, 
and were probably initiated by uplifts in the Arbuckle, Wichita, and 
Ancestral Rocky mountains. The deposits were laid down on broad 
plains marginal to the sea, on which land-dwelling vertebrates and 
plants lived and were entombed, and which from time to time were 
overspread by brief marine incursions. 

Limestones of shelves and platforms.—The red clastic beds of the 
upper part of the Magdalena group and of the Wichita group change 
southward into non-red, calcareous deposits. These in turn extend 
inward to the edges of the Delaware and Midland basins, and are 
found on the Diablo and Central Basin platforms as well. The relations 
are illustrated at two places on the outcrop: southward from the Sacra- 
mento to the Hueco Mountains in New Mexico, where the red clastic 
beds of the upper Magdalena interfinger with the Hueco limestone, and 
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southward through central Texas, where the Wichita group changes 
from redbeds into marine shales and limestones. 

On the whole, the limestone areas appear to have been laid down in 
an environment favorable for marine life, as attested by the abun- 
dance and variety of fossils in the Hueco and the marine Wichita. No 
evidence is available to indicate that any of the limestones were reef 
deposits. However, along the edges of the basins, the limestones 
change rather abruptly into another facies that is dominantly shaly. 

Black shales of basins —During Wolfcamp and part of Leonard 
time, the dominant deposits of the Midland and Delaware basins ap- 
pear to have been dark gray or black, bituminous shales, with some 
interbedded dark shaly limestone and some sandstone. The black shale 
facies is best known in the south part of the Midland basin, where it 
has been penetrated by many wells. Its features here have been de- 
scribed by Cole.* The existence of a similar facies in the Delaware 
basin in Wolfcamp time is suggested by a single well, Anderson- 
Prichard’s Borders No. 1 (well 1, C-III, Pl. 1), in which Pseudo- 
schwagerina has been found in rocks of this type. Elsewhere in this 
basin, information is lacking, because the Wolfcamp series has not yet 
been reached by the drill. 

The conditions under which the younger Leonard black shales and 
limestones were deposited have already been discussed in Chapter 
Three (pp. 620-621), and presumably those of the Wolfcamp were laid 
down in a similar environment. Those of the Leonard appear to have 
been deposited in quiet, stagnant, and perhaps relatively deep water. 
One may therefore picture the two basins during Wolfcamp time as 
having been culs-de-sac of deep water, with few or no bottom currents, 
surrounded by higher-standing limestone banks. Cole interprets the 
shales as having been derived from the south, so that perhaps they 
were the fine-grained residue of clastic material washed out from the 
Marathon folded belt, intermingled during deposition with organic 
matter. 

CLOSE OF WOLFCAMP EPOCH 


In the Glass Mountains area, Wolfcamp time closed with mild 
orogeny, which caused the deformation and subsequent erosion of the 
newly deposited sediments. This may reflect a further pulsation in 
the Marathon folded belt on the south. Observations in recent years 
suggest that movements during this time may have been widely dis- 
tributed in West Texas. Thus, the unconformity at the top of the 
Wolfcamp has been found in one well east of the Glass Mountains 


#3 Taylor Cole, ‘The Black Shale Basin of West Texas, a Preliminary Report” 
(abstract), mid-year meeting, Amer. Assoc. Petrol. Geol. (El Paso, 1938). 
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in the Southern Shelf area (p. 649). Also, the Babb and Victorio 
flexures in the Sierra Diablo appear to have been flexed at this time 
(pp. 629-630). Moreover, in central Texas Cheney reports an uncon- 
formity and change in sedimentation at about the same level (p. 682). 


LEONARD TIME 
GENERAL FEATURES 


Conditions of sedimentation during the first half of Leonard time 
were similar to those of Wolfcamp time. During later Leonard time, 
however, rather marked changes in sedimentation took place, resulting 
in considerable shifts in the location of the facies boundaries. The 
changes were greatest in the shelf areas, were less evident in the Mid- 
land basin, and were hardly apparent in the Delaware basin. Because 
of the obscurity of the change in the latter area, it was given little 
notice in the descriptions in Chapters Two and Four. 

Because of the change in sedimentation near the middle of the 
Leonard epoch, it can be conveniently divided into two sub-epochs, 
which are described separately. 


LOWER LEONARD TIME 


Land areas.—During the first half of Leonard time, the marginal 
lands to the south were apparently low (Fig. 28). The Marathon 
folded belt had probably been uplifted during the post-Wolfcamp 
movements, and the lower part of the Leonard series in the western 
Glass Mountains contains conglomerates that were derived from it. 
Parts of the shore were, however, overlapped by the Hess limestone 
member of the Leonard formation, which contains no detritus except 
at the base. 

The lands at the north may have stood higher, for in central 
Texas the redbeds of the Clear Fork group extend for considerable 
distances over the non-red Wichita group. Also, in New Mexico, the 
red sandstones of the Abo, apparently of early Leonard age, are 
widely distributed. Read** considers Abo time to mark the period 
of maximum uplift of the adjacent marginal lands. The initial phases 
of the uplift were indicated by the red, arkosic deposits in the upper 
part of the Magdalena group, and the later phases by the redbeds of 
the Yeso formation. By Yeso time, however, most of the uplifted 
ridges had been worn down or buried. An especially marked uplift 
probably existed north of the present Sacramento Mountains, as 
indicated by the thickening of the Abo between Alamogordo and Tula- 
rosa (p. 687). Read suggests that the marked differences between 


#24 C, B. Read, personal communication of January, 1941. 
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the early Leonard floras of central Texas and New Mexico (Gigantop- 
teris and Supaia assemblages) may have been caused by an inter- 
vening mountain barrier. 

A few spots within the West Texas area may also have projected 
above the sea. Exposures in the Sierra Diablo indicate that the lower 
part of the Leonard series passes out by overlap toward the Diablo 
platform, and a considerable tract on the platform may have been 
emergent during that time. The emergent conditions may have re- 
sulted from the post-Wolfcamp disturbance, of which the movements 
on the Babb and Victorio flexures were a part. Adams has also 
suggested that a tract in northeastern Glasscock County (F-III, 
Pl. 1), in the Eastern Shelf area, rose as an island during lower Leonard 
(upper Clear Fork) time. In this area, abundant and well pre- 
served plants have been found in well cores, and could not have been 
transported any great distance. The Central Basin platform was ap- 
parently not emergent during this time, and beds containing lower 
Leonard fusulinids appear to extend continuously over it. 

Deposits.—During lower Leonard time, as during Wolfcamp time, 
the deposits around the north edge of the West Texas region were 
mainly redbeds. These form the Abo and Yeso formations on the 
northwest and the Clear Fork group on the northeast. 

The redbeds may have been largely of terrestrial origin. They 
were, however, probably laid down on plains so flat and so low that 
marine waters could now and then spread over them for brief inter- 
vals. Both the Yeso and Clear Fork thus contain thin interbedded 
layers with marine fossils. 

Some of the sheets of marine water were reduced by evaporation 
to such an extent that anhydrite and salt were deposited. In and 
north of the West Texas region, rocks of lower Leonard age thus con- 
tain the first important evaporites of the sequence. At the north, they 
are found in Kansas (in the Wellington) and in the Amarillo district.*® 
In central Texas, the first evaporites are the bed of anhydrite in the 
Belle Plains formation (column 9, Pl. 2), of early Leonard age. In 
New Mexico, in the early Leonard Abo sandstone, Lang*’ notes the 
occurrence of “hopper-shaped pseudomorphs of halite crystals.”’ Nu- 
merous beds of gypsum and anhydrite, and some beds of salt occur 


425 J. E. Adams, “Island in Permian Sea,”’ Bull. Amer. Assoc. Petrol. Geol., Vol. 17 
(1933), PP- 1391-93. 

46 Victor Cotner and H. E. Crum, “Geology and Occurrence of Natural Gas in 
—" District, Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 17 (1933), Table 1, 
p. 880. 

427 W. B. Lang, “The Permian Formations of the Pecos Valley of New Mexico and 
Texas,” ibid., Vol. 21 (1937), p. 848. 
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in the succeeding Clear Fork group of central Texas and Yeso forma- 
tion of New Mexico. 

In the shelf areas near the Delaware and Midland basins, the red- 
beds of lower Leonard age interfinger with and are replaced by lime- 
stones. Limestones also covered the Central Basin platform, and parts 
of the Diablo platform and Southern Shelf area. A notable feature of 
this time, as seen on the outcrops in the Glass Mountains and Sierra 
Diablo, is the presence of reef masses along the basinward edges of 
the limestones. This is the first appearance of such deposits in the 
sequence. Reefs may also occur along the edges of the Midland basin, 
for drilling indicates that the transition from the limestones into the 
basin deposits is fairly abrupt. 

In the Delaware and Midland basins, the deposits of lower Leonard 
time were black shales and limestones, which were much like those 
laid down in Wolfcamp time, and form their upward continuation. 
They were, no doubt, laid down under much the same conditions as 
those suggested for Wolfcamp time. 


UPPER LEONARD TIME 


Beginning of upper Leonard.—At the beginning of upper Leonard 
time, a marked change set in outside the basin areas (Fig. 29). Over 
the Northwestern and Eastern Shelf areas, sheets of sand were spread 
widely, to form the Glorieta sand at the base of the San Andres lime- 
stone, and the San Angelo sandstone. These no doubt were derived 
from newly uplifted areas in the marginal lands. The sandstones of 
the San Angelo thus become coarse and conglomeratic southward 
along the outcrop, and perhaps came from uplifts on the south in the 
Llano uplift or Marathon folded belt. The movements thus postulated 
in the marginal lands probably only mildly affected the areas of dep- 
osition. Unconformities may exist between the sands and the under- 
lying redbeds in places, but elsewhere the succession appears to be 
conformable. 

In the basins, little evidence can be found of this change in sedi- 
mentation. The San Angelo appears to fade out toward the Midland 
basin, 4nd can be certainly recognized only near its margins. The 
Glorieta sand likewise disappears toward the Delaware basin, although 
thin sandstones near the base of the Victorio Peak gray member of 
the Bone Spring limestone may be its feather edges. In the Glass 
Mountains, the probable unconformity at the top of the Hess lime- 
stone member of the Leonard formation (pp. 652-653) may be a mani- 
festation of the same change in conditions. 

Deposits —Following the spreading out of the sandstones wide- 
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spread sheets of limestone were laid down in the shelf areas. These 
mark a notable readvance of the sea as compared with lower Leonard 
time. The limestones constitute the San Andres formation in New 
Mexico, and they may also include part of the Kaibab limestone of 
northern Arizona and adjacent parts of the Cordilleran province. On 
the northeast, however, the limestones interfinger with evaporites 
and redbeds, although thin tongues reach to the surface in central 
Texas and Oklahoma, where they form dolomitic limestone members 
of the Blaine and Dog Creek formations. 

The limestones of the shelf areas were in part laid down in an 
environment moderately favorable to marine life. The fauna of the 
San Andres is fairly diverse, although brachiopod and molluscan ele- 
ments dominate. Toward the northeast, however, the salinity of the 
water was greater, as attested by the setting in of evaporite deposits. 
Here, the fauna correspondingly becomes more impoverished. Roth’ 
has aptly suggested that the great abundance of ammonoids in certain 
beds of the Dog Creek and Blaine formations, as compared with the 
almost complete absence of other groups, was caused by a “marine 
current moving fast enough to carry the animals into an environment 
alien to their existence, causing extinction.” It is also possible that the 
animals lived and died elsewhere, and that their buoyant shells floated 
in after death. 

Along the edges of the Delaware and Midland basins, the lime- 
stone sheets change into black shales and limestones like those of 
preceding Wolfcamp and lower Leonard time. As seen on the out- 
crops in the Guadalupe Mountains region, the black shale area was, 
however, considerably restricted, so that the gray Victorio Peak de- 
posits advance for some miles over the older black deposits before 
being replaced in turn. In the Midland basin, the advance of the lime- 
stones appears to have been even greater. The Victorio Peak deposits 
do not appear to be reefs, and can more properly be termed limestone 
banks. In the Guadalupe Mountains region, their basinward margin 
appears to be related in places to the flexures that border the basin. 

The black shales and limestones of upper Leonard age in the 
Delaware basin were apparently laid down in quiet and relatively deep 
water (pp. 620-621). Relations near the Bone Spring flexure in the 
Guadalupe Mountains suggest, in fact, that a great deal of the deep- 
ening of the adjacent basin took place during upper Leonard time 
itself, probably by accelerated subsidence. 

In the south part of the Delaware basin (as exposed in the Glass 


#8 Robert Roth, “Custer Formation of Texas,’’ Bull. Amer. Assoc. Petrol. Geol., 
Vol. 21 (1937), p. 464. 
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Mountains) and to the southwest in the Marfa basin (as exposed in 
the Finlay and Chinati mountains) the seas were more open and less 
stagnant. Here, shales, sandstones, and occasional thin limestones 
were deposited, some of which contain abundant fossils. The clastics 
of the area were no doubt derived from the Marathon folded belt on 
the southeast, for near the folded belt in the Glass Mountains they 
include beds of conglomerate. The fragments are, however, much 
finer and better rounded than in the beds beneath, suggesting that 
the land had been worn down to low relief. 


CLOSE OF LEONARD TIME 


At the close of Leonard time, as indicated by exposures in the 
Guadalupe Mountains region in the northwest part of the Delaware 
basin, a notable change in sedimentation took place. The highest 
Leonard beds in the Delaware basin are black limestones and shales 
that were probably laid down in quiet and deep water. The beds of 
the Guadalupe series that succeed them are sandstones, in part rela- 
tively coarse-grained, belonging to the Brushy Canyon formation of 
the Delaware Mountain group. These were laid down in agitated, and 
probably shallow water (p. 621). Along the margins of the basin, the 
Brushy Canyon strata overlap the rising surface of the underlying 
deposits, and are absent in the shelf area on the northwest. In the 
shelf area, however, the underlying deposits are not greatly eroded. 

These relations suggest that, at the close of Leonard time, the posi- 
tion of sea-level with respect to the surface of the basin and shelf was 
markedly lowered. This was not due to subsidence of the basin, be- 
cause water in the basin during early Guadalupe time was shallow; 
nor does it seem to be due to uplift of the shelf, because marked ero- 
sion did not take place there. It seems more likely that it resulted 
either from uplift of a large segment of the continent, or from lower- 
ing of sea-level by eustatic changes (p. 623). 

If this conclusion is correct, it may be that the change in sedi- 
mentation indicated in the Guadalupe Mountains region is a local 
manifestation of a widespread withdrawal of the sea at the close of 
Leonard time, and that in early Guadalupe time wide areas of the 
West Texas region were emergent, as suggested on Figure 30. 


GUADALUPE TIME 


GENERAL FEATURES 

The succeeding Guadalupe epoch was eventful, so that conditions 
were very different at its end from those at its beginning. During the 
early part of the epoch, wide areas appear to have been emergent, and 
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the seas were notably restricted (Fig. 30). Later, the seas and the 
area of deposition spread out (Fig. 31). Toward the close, the area of 
deposition had about the same proportions as it had during later 
Leonard time, but the area of marine environment was more restricted 
(Fig. 32). During most of Guadalupe time, the same types of de- 
posits were laid down as during the preceding epochs, and they tended 
to occupy much the same areas. 

In considering these events, it is convenient to subdivide the 
Guadalupe epoch into three sub-epochs, which correspond with the 
three formations of the Delaware Mountain group. These are, how- 
ever, not separate cycles of sedimentation, but are gradational stages 
in a single cycle. 

LOWER GUADALUPE TIME 

General relations—The only definitely known representative of 
lower Guadalupe time is the Brushy Canyon formation of the Dela- 
ware Mountain group, which is exposed in the Delaware Mountains, 
in the northwest part of the Delaware basin, and has been penetrated 
in some near-by wells. Lower Guadalupe time may also be represented 
by the lower part of the Word formation of the Glass Mountains, in 
the south part of the Delaware basin, and by some of the beds in the 
Marfa and Midland basins. The sub-epoch is apparently not repre- 
sented by deposits in the platforms and shelves, where wide areas 
were probably emergent (Fig. 30). 

Delaware Mountain sands——The Brushy Canyon formation is the 
oldest third of the great sand body of the Delaware Mountain group, 
whose deposition continued until the close of Guadalupe time. The 
origin of the sands of the Delaware Mountain group, both in the 
Brushy Canyon and higher formations, has not yet been satisfactorily 
explained, and further study is needed. The available facts and the- 
ories are summarized in the following paragraphs, including a re- 
capitulation of observations already given in Chapter Two. 

The sand body of the Delaware Mountain group is confined in its 
extent to the Delaware basin,*® and is therefore as characteristic a 
basin facies as the black shale deposits of preceding Leonard and 
Wolfcamp time. So far as known, no change in texture or thickness of 
the sands such as might indicate their source is noticeable in any 
direction in the basin. Later drilling may, however, reveal such 
changes. 


“° Thick bodies of sandstone apparently of the same type as those of the Delaware 
Mountain formation occur in the Sheffield channel and in the Midland basin. Some 
geologists believe these sand bodies to be Guadalupe in age and probably continuous 
he Delaware Mountain sands. Others believe them to be Leonard in age.—Edi- 
torial note, 
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The sand body is confined stratigraphically to the Guadalupe 
series. The underlying Leonard series is not notably sandy, and, in 
the Delaware Mountains at least, the change from its black shales 
and limestones into the overlying sandstones is abrupt. Similarly, 
the overlying Ochoa series is dominantly an evaporite sequence, and 
contains little or no sand. At the top of the Delaware Mountain group, 
the sands cease as abruptly as they began, and are succeeded by the 
non-clastic Castile formation, composed of anhydrite and interbedded 
limestone. Some connection may exist between conditions that caused 
the cessation of sand deposition, and those which caused the beginning 
of evaporite deposition. 

The mineral composition of the sands deserves further study. As 
now known, however, their character is not exceptional: They con- 
sist of quartz and feldspar with minor amounts of accessory minerals, 
and are an assemblage of the sort that is commonly derived from the 
erosion of plutonic and metamorphic rocks. Here and there in the 
succession are thin layers of volcanic ash, which appear to be distinct 
from the main sand body and probably had a different source. 

Texturally, however, the sands are notable for their fineness. The 
coarsest reach } millimeter in diameter, the finest are 1/16 milli- 
meter or less. They thus range from medium to very fine in one of 
the standard classifications,“° with the finest approaching the tex- 
ture of silt. Sands of various textures are interbedded, but with the 
coarser more abundant below, and the finer above. 

The coarser sands are nearly confined to the Brushy Canyon for- 
mation, or lower third of the group, where they occur in lenticular 
beds that were probably deposited in agitated water. These end 
abruptly at the top of the formation, and no comparable sands are 
known higher up. They are interbedded with and overlain by finer 
sands, which are very thinly laminated and were probably laid down 
in quiet water. According to Adams,‘*! “much of the sand [in the 
upper part of the group] is fine enough to suggest transportation and 
distribution as wind-blown dust.” 

During Brushy Canyon time, no deposits appear to have been 
laid down in the shelves beyond the basin, and the shelves were prob- 
ably emergent (Fig. 30). During this time, therefore, sands could 
have been washed into the basin without hindrance from almost any 
direction. During later parts of Guadalupe time, however, deposits 
spread over the adjacent platforms and shelves. The Delaware basin 


430 W. H. Twenhofel, Treatise on Sedimentation, 2d ed. (Baltimore, 1932), p. 202. 


‘1 J. E. Adams, “Oil Pool of Open Reservoir Type,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20 (1936), p. 789. 
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was nearly encircled by limestone reef barriers, except for a probable 
narrow opening to the southwest through the Hovey channel (Figs. 
31 and 32). During this time, it is difficult to understand how the sands 
could be carried into the basin. As a matter of fact, they were probably 
carried in very slowly, because the floor of the basin appears to have 
been greatly deepened, as though sedimentation could no longer keep 
pace with subsidence. Moreover, the fine texture of the later sands 
suggests that they are only that residue of an originally heterogeneous 
aggregate that was able to filter through, or be blown over the en- 
closing barriers. 

The deposits which were spread over the shelf areas in later Guada- 
lupe (post-Brushy Canyon) time include numerous beds of sandstone. 
The writer does not have available enough petrographic data to say 
how their mineral composition and texture compare with the con- 
temporaneous sands in the basin. Many of the sands of the shelf areas 
appear, however, to be coarser than sands of the same age in the basin. 
Thus, sands interbedded in the Goat Seep limestone in the northern 
Guadalupe Mountains resemble in texture the coarser sands of the 
older Brushy Canyon formation in the basin, rather than the con- 
temporaneous finer sands of the Cherry Canyon formation. No con- 
nection is evident between the sands of the shelf and basin areas, 
for they are separated by relatively pure limestone reef masses. 

Origin of Delaware Mountain sands.—The direction from which 
the sands of the Delaware Mountain group were derived has been 
much debated. Some geologists have suggested that they came from 
the south, presumably through the southwestern entrance to the basin, 
or Hovey channel.*” Others suggest that they were derived from the 
north. Much evidence is available for and against both interpreta- 
tions. 

Evidence for source on south.— During the last two-thirds of Guada- 
lupe time, the Delaware basin in which the sand body was deposited 
was so nearly surrounded by reef barriers on the north that transporta- 
tion of sediments from this direction would have been difficult. How- 
ever, the entrance on the southwest, through the Hovey channel, 
remained open. Moreover, a current probably flowed across the basin 
from the open sea and into the shelf areas, to renew the water that was 
being lost there through evaporation.“4 This may have been capable 


482 W. A. J. M. van der Gracht, ‘““The Permo-Carboniferous Orogeny in the South- 
Central. United States,’’ K. Akad. Wetensch. Amsterdam Verh., Afd. Natuurk., Deel 27, 
No. 3 (1931), p. 83. 

433 W. B. Lang, ‘The Permian Formations of the Pecos Valley of New Mexico and 
Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), pp. 888-91. 

‘4 C. L. Baker, “Depositional History of the Red Beds and Saline Residues of the 
Texas Permian,” Univ, Texas Bull. 2901 (1929), p. 47. 
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of transporting sands. If such a current existed, it would have in- 
hibited or prevented the washing-in of sands from the north. 

During Permian time, a land existed on the south, in the Mara- 
thon folded belt and its hinterland of Llanoria. Its inner parts con- 
sisted of plutonic and metamorphic rocks, and its forward parts in- 
cluded folded older Paleozoic clastic sediments derived from them.** 
Erosion of both parts might produce sands mineralogically like those 
in the Delaware Mountain group. Moreover, in the Southern Shelf 
area, along the edge of the Delaware and Marfa basins, this land at 
times formed the shore of the sea, and Permian formations in the 
Glass Mountains include sandstones and conglomerates derived from 
it. It should be remembered, however, that the coarsest clastic sedi- 
ments, both in the Glass and Chinati mountains, are all older than 
the Guadalupe series. The Word, Altuda, Capitan, and Gilliam for- 
mations of Guadalupe age in the Glass Mountains and equivalent 
beds in the Chinati Mountains, are mainly limestones and siliceous 
shales. Sandstones and conglomerates are subordinate. 

The abrupt change from sand deposition to evaporite deposition 
at the close of Guadalupe time suggests a source of the sands from the 
south. If the sands had come from a highland that was slowly worn 
down and buried, they would have disappeared gradually from the 
sequence. Instead, they end in such a manner as to suggest that 
a barrier formed, which prevented them from entering the basin. At 
the beginning of Ochoa time, this barrier could not have existed on 
the north, for this region was probably a low land (Fig. 33), across 
which clastic sediments could have been washed without hindrance. 
On the south, however, such a barrier is supposed to have formed, 
which shut off the Delaware basin from free access to the sea, and 
permitted the beginning of evaporite deposition. The source of the 
sands may therefore have been south of the barrier. 

Evidence for source on north During Guadalupe time, much sand 
was obviously being washed into the West Texas region from the 
north. The sands in the shelf areas probably had such a source, and 
many of them became thicker and coarser in that direction. It is 
difficult to believe that the sands in the basin, only a few miles beyond 
their forward ends, had an entirely different source. 

Moreover, the coarsest sands in the basin were laid down during 
Brushy Canyon or early Guadalupe time, when no reef barriers ex- 
isted at the north. Later, when such barriers began to grow, deposi- 
tion of the coarser sands ceased abruptly, and only finer sands were 


435 P. B. King, “Geology of the Marathon Region, Texas,” U. S. Geol. Survey Prof. 
Paper 187 (1938), pp. 21-22. 
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deposited in the basin. Nevertheless, sands comparable in texture with 
those in the Brushy Canyon continued to be deposited in the shelf 
areas. This suggests that the sands laid down in the basin at that time 
continued to be derived from the north, but that only a fine-grained 
residue could filter through the enclosing barriers. 

As seen on the outcrops, the reef barriers, and particularly those 
of the Capitan limestone of later Guadalupe age, were thick, con- 
tinuous, and without any clastic components. This may, however, not 
have been true everywhere along the edges of the basin. Following out 
the conclusions reached in Chapter Three (pp. 640-642) the reef bar- 
riers would have been thick only in areas of relatively active sub- 
sidence and strong tectonic control (Figs. 17, B and C). Such tectonic 
control was probably greatest along the relatively straight segments 
of the reef, on the northwest, east, and southeast sides of the basin 
(Fig. 32). These segments happen to be the parts best known from 
outcrops and drilling. Between the straight courses, the reef curved 
about from one trend to another. Such curved segments occur on the 
northwest, between the Guadalupe Mountains and Sierra Diablo; on 
the north, between the Central Basin platform and Northwestern 
Shelf area; and on the southeast, at the entrance to the Sheffield 
channel. Here, tectonic control was probably weaker, and subsidence 
less. At such places, the reef may have been thinner and broader, as 
suggested in Figure 17 A, and may have been a less effective barrier 
to inwashing sediments. 

Conclusions.—Regarding the origin of the Delaware Mountain 
sands, available evidence and the deductions that can be derived from 


‘it are conflicting. Before positive conclusions can be drawn, much 


more evidence must be obtained. Detailed petrographic work on all 
the sands of the West Texas region is exceedingly desirable, and would 
no doubt contribute greatly to the solution of the problem. Moreover, 
further drilling in the less known areas of the basin and its encircling 
barriers would contribute important information. The present con- 
flicts between the different sets of evidence suggest that the origin of 
the sands is complex, and that the difficulties arise from an attempt 
to apply some over-simplified explanation. The sands may very well 
have had several sources, and several modes of transportation. 


MIDDLE AND UPPER GUADALUPE TIME 


Introduction—Conditions during middle and upper Guadalupe 
time were much the same, with the later conditions representing an 
accentuation and further development of those that had existed ear- 
lier. The rocks laid down during the two sub-epochs record the gradual 
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spreading out of the area of deposition from the restricted area of 
lower Guadalupe time. During the two sub-epochs, deposits were 
spread over most of the West Texas region, and into wide areas be- 
yond. They were laid down over areas that had been emergent during 
lower Guadalupe time, but in which the underlying deposits of 
Leonard age had not been deeply eroded. The deposits of middle and 
upper Guadalupe age in these areas are thus believed to be separated 
from those of Leonard age by a considerable hiatus. 

Land areas.—During middle and upper Guadalupe time, the lands 
marginal to the West Texas region were probably low. Highlands that 
had been uplifted by earlier disturbances had no doubt been worn 
down to low relief, and were renewed by further uplift in only a few 
places. 

Low lands to the south, in the Marathon folded belt, are indicated 
by the lack of coarse clastic material in beds of middle and upper 
Guadalupe age in the Glass and Chinati mountains. Most of these are 
limestones, but the basin facies (Word and Altuda formations) in- 
cludes many beds of siliceous shale. Sandstones are subordinate, and 
conglomerates are rare. Farther east, as in Crockett County, this 
land area may have been uplifted during Guadalupe time(pp. 703—704). 

The former highlands in Oklahoma, such as those in the Wichita 
and Arbuckle mountains, seem likewise to have had a low relief and 
contributed few sediments. In that state, the Marlow formation 
(middle Guadalupe in age) spread out as a broad sheet of fine clastic 
material over heterogeneous beds of Leonard age, which include 
coarsely clastic components derived from the Oklahoma highlands.*® 
The character of the shore line in this region is suggested by the 
Verden sandstone member of the Marlow formation, and other simi- 
lar sandstones on the north and south of the same general age. The 
Verden is a long, narrow, “shoestring sand,” which is interpreted by 
Bass*? as an offshore bar, formed by currents moving along a low, 
gently shelving, north-northwest-trending shore. 

The Whitehorse sediments of Oklahoma appear to become coarser 
toward the northwest, as though their source was in that direction, 
perhaps in the Ancestral Rocky Mountains, or some other uplift in 
the Cordilleran province (p. 708). 

Within the sea of the West Texas region, some spots in the posi- 
tive areas may have been emergent during middle Guadalupe time. 


46 QO. E. Brown, “Unconformity at Base of Whitehorse Formation, Oklahoma,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), P- 1552. 

437 N. W. Bass, “Verden Sandstone of Oklahoma—an Exposed Shoestring Sand of 
Permian Age,”’ ibid., Vol. 23 (1939), P- 577- 
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The lower, and perhaps part of the middle Guadalupe beds are thus 
absent in the Yates oil field in the south part of the Central Basin 
platform (Fig. 31), where the Whitehorse group lies on limestones 
with Leonard fusulinids (p. 694). It is uncertain whether this relation 
was caused by non-deposition, or by erosion during Guadalupe time. 

Areas of marine environment.— Guadalupe time is characterized by 
a notable restriction of the areas of marine environment as compared 
with preceding Leonard and Wolfcamp time. This condition resulted 
partly from the general retreat of the Permian seas from the continent, 
and partly from the growth of reefs around the Delaware basin in 
middle and upper Guadalupe time. The reefs caused wide areas to- 
ward the interior of the continent that were covered by water to be 
shut off from free access to the sea, so that the salinity of the inland 
waters was greatly increased by evaporation. 

During lower and middle Guadalupe time, the marine environ- 
ment extended northward and eastward from the Delaware basin into 
the Northwestern Shelf area, the Central Basin platform, and Mid- 
land basin (Fig. 31). Here, limestones were laid down in which 
fusulinids (Parafusulina rothi assemblage) and a few other fossils were 
embedded. However, during upper Guadalupe time, beds of evaporite 
facies (part of the Whitehorse group) were laid down over them. 

Farther inland and north, during both middle and upper Guada- 
lupe time, the region was probably covered by water, because the 
strata of these ages consist of thin, widely traceable beds, such as 
could hardly have been laid down in a terrestrial environment. How- 
ever, these waters were probably too saline to permit the existence 
of life, and most of their deposits are barren of fossils. Some inverte- 
brates do occur, however, in the Verden and other ‘shoestring sands,”’ 
deposited near the shore. Newell*** suggests that in such areas the 
salinity had been reduced by fresh waters draining from the land 
(p. 709). 

During Guadalupe time, the West Texas seas appear to have been 
connected at least briefly with the Phosphoria sea of the northern 
Cordilleran province (Fig. 31). According to R. E. King,*® of all the 
beds in the Delaware basin sequence, those of middle Guadalupe age 
contain the largest number of species identical with or related to those 
in the Phosphoria formation. He suggests that during middle Guada- 
lupe time, a connection existed through New Mexico and Arizona. 


438 N. D. Newell, “Invertebrate Fauna of the Late Permian Whitehorse Sandstone,’ 
Bull. Geol. Soc. America, Vol. 51 (1940), p. 267. 

“89 R, E. King, “Geology of the Glass Mountains, Part 2, Faunal Summary and 
Correlation of the Permian Formations, with Description of Brachiopoda,’”’ Univ. 
Texas Bull. 3042 (1931), pp. 31-32. 
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During middle Guadalupe time, much of the Delaware basin and 
its margins had an environment favorable to the existence of marine 
life. Both the limestones in the reef zones along the margin, and beds 
laid down on the basin floor contain abundant fossils, most of which 
were bottom-dwellers. During upper Guadalupe time, not only the 
shelves surrounding the basin, but parts of the basin itself became 
unfavorable to life. The change in the shelves was due to increasing 
salinity of the water, but that in the basin was caused by increasing 
depth of the water. In these deep waters, few bottom-dwellers could 
survive, although many planktonic and nektonic organisms existed 
nearer the surface. Bottom-dwelling organisms were abundant only 
in and near the reef zones along the margins of the basin. . 

Reef deposits Beginning in middle Guadalupe time, limestone 
reefs began to grow along the margins of the Delaware basin. These 
are represented by the basinward parts of the Goat Seep limestone in 
the Guadalupe Mountains, and by the Vidrio limestone member of 
the Word formation in the eastern Glass Mountains. Similar reefs 
were presumably built up elsewhere around the margins, although 
they have so far either not been reached by the drill, or differentiated 
from the overlying Capitan. 

In upper Guadalupe time, the growth continued and was accen- 
tuated, forming the thick, elongate mass of the Capitan limestone. 
This has been traced on the outcrop and in subsurface around almost 
the whole circumference of the Delaware basin, and it appears to have 
surrounded it as a nearly continuous barrier (Fig. 32). In the two out- 
cropping areas, the Guadalupe and Glass mountains, the Capitan is 
seen to have grown forward from the older reefs of middle Guadalupe 
age, and to have encroached on older deposits laid down in the Dela- 
ware basin. 

Conditions under which the reef deposits formed have already been 
described (pp. 640-642, and 730), and need not be repeated here. Evi- 
dently the environmental conditions in the reef zone were not only 
favorable for the growth of lime-secreting organisms, but also for 
inorganic precipitation, and both processes may have operated to- 
gether. This favorable environment arose partly from the general sub- 
mergence and overlap in the West Texas region in Guadalupe time, 
and partly from a relatively greater subsidence of the Delaware basin 
than the surrounding areas. Such subsidence is suggested by the 
apparent gradual deepening of the water in the basin from middle 
Guadalupe time onward to the end of upper Guadalupe time (p. 621), 
whereas at the same time the waters of the surrounding areas re- 
mained shallow. 


| 
q 
j 
i 


PERMIAN OF WEST TEXAS AND NEW MEXICO 757 


Evaporite depositionDuring upper Guadalupe time, the main 
part of the Whitehorse group and Chalk Bluff formation were laid 
down in the Northwestern Shelf area, the Central Basin platform, and 
the Midland basin (Fig. 32). The two units are parts of a distinctive 
facies, somewhat different from the dominant redbed facies of the 
Whitehorse group farther north. Here, redbeds are subordinate and 
evaporites dominant, but there are also numerous interbedded layers 
of dolomitic limestone and of sandstone. The sandstones have already 
been mentioned briefly in discussing the origin of the Delaware Moun- 
tain sands (pp. 749-750). 

The evaporites of the Whitehorse group are dominantly anhydrite, 
but in parts of the region beds of salt are persistent.“° They are the 
first evaporites of any consequence in the West Texas region, the older 
ones of Leonard age being best developed farther north. Moreover, 
they mark a great encroachment of this facies over areas such as the 
Midland basin that hitherto (middle Guadalupe time and older) had 
always received marine deposits. This encroachment appears to have 
been caused by the development of the Capitan reef barrier, and es- 
pecially its growth across the southwestern entrance to the Midland 
basin, or Sheffield channel. Before upper Guadalupe time, this chan- 
nel probably contained fairly deep water, which allowed the sea to 
enter the Midland basin freely. 

Before leaving the Whitehorse group, mention should be made of 
the frosted sand grains that are a characteristic feature of its sand- 
stone members.“! They are generally mingled with other sand grains 
that are not frosted, and have a larger average diameter. Frosting of 
sand grains is interpreted as caused by wind transportation,“ but 
such grains may afterward be carried into and deposited in a sub- 
aqueous environment. 

Deposits of volcanic origin.—Beds of middle and upper Guadalupe 
age throughout the West Texas region contain many thin layers of 
bentonite and volcanic ash. Those in the Guadalupe Mountains re- 
gion and Midland basin have been mentioned (pp. 581, 583, and 703). 
In the Midland basin the beds thicken and become more prominent 
toward the south, and they may have had their source in this direc- 
tion. This source was probably a region of volcanic activity in Llan- 
oria, to the south of the West Texas region. In that area, near Las 


40, R. Page and J. E. Adams, “Stratigraphy, Eastern Midland Basin, Texas,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 24 (1940), p. 61. 


441 J. E. Adams, “Upper Permian Stratigraphy of West Texas Permian Basin,”’ 
ibid., Vol. 19 (1935), pp. 1015-17. 


42 W. H. Twenhofel, of. cit. (1932), p. 83. 
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Delicias, Coahuila, rocks proved by their fossils to be of Leonard and 
Guadalupe age include great thicknesses of lava flows and pyroclastics 
(p. 686). 


CLOSE OF GUADALUPE TIME 


In the Delaware basin, the sandstones of the Delaware Mountain 
group, of Guadalupe age, are succeeded by the anhydrites of the 
Castile formation, of Ochoa age. The change in sedimentation from 
one to the other is one of the most abrupt and striking in the West 
Texas region, and takes place in an apparently conformable sequence 
within a few inches of beds. By the change, marine conditions in the 
basin came to an end, and with them, the abundant invertebrate life 
of the adjacent Capitan reef. 

The change has been discussed by Kroenlein,“* who states that 


Continued excess of evaporation lowered the surface water level and associ- 
ated reef environment to a point where the accumulated brine killed life on 
the reef. This caused the death of the reef and closed Capitan time. Further 
excess of evaporation over marine inflow resulted in concentration sufficient 
to deposit anhydrite and marks the beginning of Castile deposition. 


It seems unlikely, however, that conditions described by Kroen- 
lein could have brought about the change in sedimentation without 
the aid of other factors. Their effects would probably have been 
gradual, whereas the change is actually abrupt. Moreover, such con- 
ditions would not have ended the deposition of sandstone in the basin, 
whereas deposition of sandstone ends with the beginning of evaporite 
deposition. 

It is therefore probable that the change in sedimentation resulted 
not only from an excess of evaporation, but also from a shutting-off 
of the water from free access to the sea, presumably by the growth 
of a barrier across the southwestern entrance to the Delaware basin.“ 
South of the barrier, marine conditions probably continued (Fig. 33) 


and over it water could still flow gradually into the basin, where it. 


evaporated and supplied the great quantity of anhydrite laid down 
during Castile time. 

Extending across the southwestern entrance to the Delaware 
basin, or Hovey channel, is the Hovey anticline (pp. 645-646), which 
appears to have been a positive feature not only in Cenozoic but also 
in Permian time. Probably it and its related features did not subside 


443 G. A. Kroenlein, “Salt, Potash, and Anhydrite in Castile Formation of South- 
east New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), p. 1684. 


444 J. E. Adams, “Oil Pool of Open Reservoir Type,’’ Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20 (1936), p. 789. ° 


4 
3 
a 
4 
| 
4 


PERMIAN OF WEST TEXAS AND NEW MEXICO 759 


as greatly during Permian time as did the Delaware and Marfa basins 
on each side of it, and thus a submarine ridge formed between them 
over which the water was relatively shallow. 

At the close of Guadalupe time, conditions set in which brought 
the ridge still closer to sea-level. During the early part of Ochoa 
(Castile) time, the shelves surrounding the Delaware basin were 
widely emergent (Fig. 33) and no Castile deposits were laid down 
over them. This emergence probably did not result from any local 
uplifts, either on the shelves or the Hovey anticline. Instead, it seems 
to have been caused by a regional lowering of sea-level with respect 
to the land, similar to that suggested at the end of Leonard time (pp. 
623 and 756). 

Lowering of sea-level caused the submarine ridge of the Hovey 
anticline to lie nearer the surface than it ever had before, so that, 
although the flow of the water into the Delaware basin was not com- 
pletely shut off, it was greatly restricted. Because of the shoal water, 
conditions on the ridge were then favorable for the deposition of lime- 
stone. Such deposits therefore probably began to form, either as reefs 
of organic origin, or as inorganic precipitates. They served to ac- 
centuate the barrier that already existed. The seas gradually ad- 
vanced over the region again in later Ochoa (Salado) time (Fig. 32), 
probably by a regional submergence, and the shelves were again 
covered. During this submergence, the limestone deposits over the 
barrier at the entrance to the basin grew upward as sea-level was 
raised. The open sea was thus prevented from ever again having free 
access to the area farther north. 

Whether limestone deposits of Ochoa age still remain along the 
Hovey anticline is uncertain. The wells that have been drilled there 
indicate that the upper part of the Permian section is limestone, but 
subsurface correlations have not been entirely worked out. Some of 
the limestones on the anticline may be of upper Guadalupe age. If 
so, limestone deposition on the ridge like that postulated for Ochoa 
time may actually have begun in later Guadalupe time. However, 
the Tessey limestone of the Glass Mountains is rather certainly of 
Ochoa age, and this may have been the eastern edge of still thicker 
deposits that were laid down on the ridge. 

It is of interest to compare the events at the close of upper Guada- 
lupe time which have just been outlined, with those toward the end 
of middle Guadalupe time. At the end of upper Guadalupe time, the 
Delaware basin was shut off from free access to the sea, in part by the 
growth of limestone across its southwestern entrance, so that the basin 
changed from an area of marine deposition to one of evaporite deposi- 
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tion (Fig. 33). In the same manner and a little earlier, the Midland 
basin had been shut off from free access to the sea by the growth of 
limestone across its southwestern entrance, causing evaporites of the 
Whitehorse to be laid down in the basin, over the older marine de- 
posits (Fig. 32). 
OCHOA TIME 
GENERAL FEATURES 


During the Ochoa epoch, the West Texas region was mostly an 
area of evaporite deposition, although marine conditions probably 
persisted farther south. The greatest evaporite deposits of the Perm- 
ian in West Texas and southeastern New Mexico were laid down at 
this time. Conditions of deposition during the epoch have been dis- 
cussed in many previous publications,“ and need not be repeated 
here. 

Ochoa time was not uneventful, even though its deposits, through- 
out their lateral and vertical extent, were of a single general facies. 
During the epoch, several marked rearrangements took place in the 
extent of the sedimentary facies, and even of the area of deposition. 


CASTILE TIME 


During the first part of Ochoa time, the sequence of events some- 
what resembled that of Guadalupe time. Immediately before both 
epochs, the area of deposition spread far beyond the Delaware basin 
into the shelves and platforms, and the basin itself was covered by 
deep water. At the beginning of each epoch, however, deposition was 
restricted to the basin itself, and wide areas outside became emergent. 
Each of these changes may have been caused by a regional lowering 
of sea-level with respect to the land. Afterward, through the early 
part of both epochs, deposits first overlapped the margins of the basin, 
and then spread far beyond the margins. This may have been caused 
by a rise in sea-level. 


445 J. A. Udden, “Laminated Anhydrite in Texas,”’ Bull. Geol. Soc. America, Vol. 35 
(1934), pp- 347-54. 

W. H. Hoots, “Geology of a Part of Western Texas and Southeastern New Mexico, 
with Special Reference to Salt and Potash,” U. S. Geol. Survey Bull. 780 B (1925), 
pp. 122-26. 

C.E. Baker, “Depositional History of the Red ag and Saline Residues of the 
Texas Permian,” Univ. Texas Bull. 2901 (1929), pp. 9- 

W. A. Cunningham, ‘The Potassium Sulfate Mineral Polybalite in Texas,’’ Univ. 
Texas Bull. 3401 (193 5), pp. 860-67. 

W. B. Lang, “The Permian Formations of the Pecos Valley of New Mexico and 
Texas,’’ Bull. Amer. Assoc. Petrol. Geol., Vol. 21 (1937), pp. 884-88. 

G.R. Mansfield, ‘Role of Physical Chemistry in Stratigraphic Problems,”’ Econ. 
Geol., Vol. 32 (1937), pp. 541-40. 

GA: Kroenlein, “Salt, Potash, and Anhydrite in Castile Formation of Southeast 
New Mexico,” Bull. Amer. Assoc. Petrol. Geol., Vol. 23 (1939), pp. 1682-93. 
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In Ochoa time the earliest deposits, which were restricted in their 
extent to the Delaware basin, formed the Castile formation (Fig. 33). 
The Castile is dominantly a mass of thinly laminated anhydrite, but 
contains a few salt beds in the eastern part of the Delaware basin. It 
filled the deep depression that had come into existence in the basin 
toward the close of Guadalupe time. A great deal of it was probably 
laid down in water many hundreds of feet deep. 


SALADO TIME 


By the end of Castile time, the deep depression of the Delaware 
basin had largely been filled by deposits, so that the succeeding 
Salado formation was probably deposited in shallow water.“* With 
the filling of the basin, the area of deposition began to spread beyond 
it into the surrounding areas (Fig. 34). This was partly because of a 
general submergence of the region. However, Kroenlein“’ states that 
the Salado deposits pass into a near-shore facies near the Pecos River, 
considerably east of the west edge of the Delaware basin. He concludes 
that the area of deposition was tilted eastward near the beginning of 
Salado time, causing the eastern edge of the area to spread beyond 
the margin of the Delaware basin. 

The Salado formation is dominantly a salt deposit, but with some 
interbedded anhydrite and potash-bearing members. Southward, the 
salt beds interfinger with anhydrite, which constitutes most of the 
formation in the south part of the basin. In the Glass Mountains, 
near the southwestern entrance to the basin, the anhydrite apparently 
changes in turn into the Tessey limestone. The Salado was deposited, 
not only in the Delaware basin, but also in the Central Basin plat- 
form, the Midland basin, and parts of the Northwestern Shelf area. 


RUSTLER TIME 


Salado time closed with a period of movement, by which the for- 
mation was tiled, uplifted, and eroded. In places along the thinned 
edge of the deposit, erosion cut deeply enough to remove the whole 
formation and lay bare the pre-Salado beds. These events divide the 
Ochoa epoch into two more or less distinct sub-cycles of sedimenta- 
tion. In this paper, no paleogeographic maps have been prepared for 
the second sub-cycle.“* During this time, the Rustler and Dewey Lake 


446 J. E. Adams, “Oil Pool of Open Reservoir Type,” Bull. Amer. Assoc. Petrol. 
Geol., Vol. 20 (1936), p. 789. 


447 G. A. Kroenlein, op. cit. (1939), pp. 1686-88. 


“48 For a paleogeographic map for this sub-epoch, see J. M. Hills, op. cit. (1942), 
Fig. 12, p. 241. 
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formations were laid down. Rustler and Dewey Lake time was shorter 
than the preceding Castile and Salado time, for it is not represented 
by so great a thickness of deposits. 

The Rustler formation, which overlapped the eroded surface of 
the older beds, is also dominantly of evaporite facies. Its deposits 
were laid down in much the same areas a those of the Salado, but 
changes in conditions at the end of Salado time caused the distribu- 
tion of sub-facies in the succeeding deposits to differ considerably 
from that of the older deposits. Moreover, their distribution is much 
less closely related than before to the provinces of Permian time, in- 
dicating that these features had become obliterated. During Rustler 
time, parts of the area were covered by dolomitic limestones. These 
formed under conditions which permitted the existence of an impover- 
ished pelecypod fauna, so that the waters in which they were laid 
down were probably of more normal salinity than elsewhere. Condi- 
tions were not favorable enough, however, for a rich invertebrate life 
like that of Guadalupe time to return to the region. 


DEWEY LAKE TIME 


At the end of Rustler time, the super-saline waters in which the 
formation was deposited disappeared from the West Texas region, 
and whatever imperfect connection there had been with the open sea 
came to an end. The fine-grained red clastic materials of the Dewey 
Lake redbeds were then spread over the preceding evaporite deposits. 
These red sediments were probably washed in from marginal lands 
that surrounded the area of deposit, most of which by now had been 
worn down to low relief. 


CLOSE OF OCHOA EPOCH 


Dewey Lake time was relatively brief, and when deposition ceased, 
the Ochoa epoch came to an end, and with it the Permian period. 
After Ochoa time, a long interval of non-deposition ensued in West 
Texas, and the region was probably land. Deposition did not begin 
again until later Triassic time, when the Dockum group was laid 
down. 
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University of Michigan, Ann “2. 


Secretary-Treasurer - - - Edward J. Baltrusaitis 
Box 811, Saginaw 


Business pom - Gordon H. Pringle 
hio Oil Company, Mt. Pleasant 


Meetings: Second Wednesday of month at 6:30 
P.M., from November to April. Informal dinner 
followed by discussions. —- held in rotation, 
at Lansing, Mt. Pleasant, Ann Arbor, Grand Rapids. 
Visiting geologists are welcome. 


JACKSON, MISSISSIPPI 


President - 
Gulf “Refining “Company, 110 
Vice-President - - - - David Harrell 
Carter Oil Company, Box 7 
Secretary-Treasurer - Holston 
Stanolind Oil and Gas hainale Be 689 


Meetings: First and third Wednesdays of each 
month ,from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


OKLA 


HOMA 


ARDMORE 


GEOLOGICAL SOCIETY 
ARDMORE. OKLAHOMA 
President - - - - Paul L. Bartram 
Phillips “Petroleum Company 
Vice-President - - - George C. Hollingsworth 
Independent 
Secretary-Treasurer - + - Frank Neighbor 
Sinclair Prairie Oil Company 
Asst. C. E. Hannum 
The Texas Company 
Dinner meetings will be held at 7:00 p.m. on the 


first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 


President - - - Richard W. Camp 
Consolidated Gas Utilities — 
Braniff Building, wig” 
Vice-President - - McGee 
Kerlyn Oil Company, 2009 “Bldg. 


Secretar -Treasurer- - H. T. Brown 
ties Service Oil Company, ‘Box 4577 


Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma ity 
University, 24th Street and Blackwelder. Luncheons: 
Every tursday at 12:00 Noon, Skirvin Hotel 
Coffee Shop. 


SHAWNEE 
GEOLOGICAL SOCIETY 
SHAWNEE, OKLAHOMA 


President - - Robert L. Cassingham 
Amerada Petroleum Corporation 


Vice-President - - U. 
Consulting Geologist, 723 Broadway, 


Secretary-Treasurer - - - Martyna Garrison 
Amerada Petroleum Corporation 


Meets the fourth Monday of each month at 8:00 
P.M., at the Aldridge Hotel. Visiting geologists 
welcome. 


THE STRATIGRAPHIC 
SOCIETY OF TULSA 
TULSA, OKLAHOMA 


President - - Ralph A. Brant 
Atlantic Refining Company, hone Building 


Vice-President - -_- Kilburn E. Adams 
The Texas Company 


- - Charles W. Lane 
The Pure Oil Company, Box 271 


Meetings: Second and fourth Wednesdays, each 
month, from October to May, inclusive, at 8:00 
P.M. 


TULSA GEOLOGICAL SOCIETY 

TULSA, OKLAHOMA 

President - - ohn L. Fe: 

1st Vice-President -_- - - - Louis H. Lukert 
The Texas Company 

2nd Vice-President- - - - Howard J. Conhaim 
Consulting Geologist 


- M. R. Spahr 
x 801, Carter Oil Company 
Editor + - - + Charles Ryniker 


‘Gulf Oil Corporation 


Meetings: First and third Mondays, each month, 
rom ober to May, inclusive, at 8:00 P.M., 

University of Tulse Kendall Hall 
Luncheons: Eve: ursday (October-May), Mich- 
aelis Cafeteria, 307 South Boulder Avenue. 


TEXAS 


DALLAS 
PETROLEUM GEOLOGISTS 
DALLAS, TEXAS 


President - Lewis 
Core Laboratories, Inc., Santa Fe uilding 


Vice-President - - - C. C. Albritton 
Southern Methodist University 
Secretary-Treasurer - - + Barney Fisher 


Coronado Corporation 


Executive Committee - - - Fred A. Joekel 
Magnolia Petroleum Company, Box 900 


Meetings: Regular luncheons, first Monday of each 
month, 12:15 noon, Petroleum Club, Adolphus 
Hotel.’ Special night meetings by announcement. 


| 
= 
} 
| 
| 
| 
| 
| 
| 
- 
4 


Xvi 


Bulletin of The American Association of Petroleum Geologists, April, 1942 


TEXAS 


EAST TEXAS GEOLOGICAL 
SOCIETY 


TYLER, TEXAS 


President - - - C. I. Alexander 
Magnolia Petroleum | Company, Box 780 
- B. Wilson 
Sun Oil Company, “Box 


- Laurence Brundall 
Shell Oil Company, Inc., Box 2037 


Meetings: Monthly and by call. 
Luncheons: Every Monday at 12:00 noon, Black- 
stone Hotel. 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH. TEXAS 
President - - - - - + + J. B. Lovejoy 
Gulf Oil Corporation 
Vice-President - - Karl A. Mygdal 
The Pure Oil Company 


- Richard H. Schweers 
The Texas Company 


Meetings: at noon, Worth Hotel, every 
Monday. Special called by executive com- 
mittee. Visiting are welcome all 
meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 


President - - - Carleton peed, Jr. 

Consulting Geologist, Second an? pent Bldg. 

Vice-President - - - + Donald M. Davis 
Pure ‘Oil Company 

Secretary- - - + + + + Wayne Z. Burkhead 


Union Oil Company of California 
1134 Commercial Building 
Treasurer - + - James W. iting, 
se Petroleum Corporation, Esperson 
eye meeting held every Thursday at noon (12 
ock), Mezzanine floor, Texas State Hotel. For 
om particulars pertaining to the meetings write or 
call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - + Robert Roth 

Humble Oil and Refining Company 

Vice-President. - F. E. Melott 
Deep Rock Oil Company 


Secretary-Treasurer- - - - Dolphe E. Simic 
Cities Service Oil Company 


Luncheons and evening programs will be an- 
nounced. 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO CHRISTI 


President - Gentry Kidd 
Stanolind Oil ‘and Gas Company, San ph 
Vice-President - + - G. B. Gierhart 
Humble Oil and Refining Company, Corpus Christi 
Secretary-Treasurer - - - + W. W. Hammond 
Magnolia Petroleum Company, 1709 Alamo 
National Building, San Antonio 


Meetings: Third Friday of oort month alternately 
in San Antonio and s Christi. Luncheon 
every Monday noon at Mi io Cafeteria, San An- 
tonio, and at Plaza Hotel, Corpus Christi. 


WEST TEXAS GEOLOGICAL 
SOCIETY 


MIDLAND, TEXAS 
- - Ronald K. DeFord 
” Argo Oil Corporation 


Vice-President - - Walter G. Moxey 
Stanolind Oil and Gas Company 


Secretary-Treasurer-_- - - W. Lloyd Haseltine 
Magnolia Petroleum Company 


President - 


Meetings will be announced 


WEST VIRGINIA 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 
CHARLESTON, VIRGINIA 


P.O. 
President - Charles Brewer, Jr. 
Godfrey a Cabot, Inc., Box 348 


Vice-President - - H. J. Wagner 
blic Service Commission 
Secretary-Treasurer - + . Hyde 
West Virginia Gas Corporation 
Box 404, Charleston, 
Editor - - - + Robert C. Lafferty 
Libbey. Owens Gas 
Charleston, W.V. 


Jase, uly, and August, at 6:30 p.M., Kan 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 
President - - H. B. Peacock 
Geoph ysical Service, Inc., Houston, Texas 
View - + Frank Goldstone 
Shell Oil Company, ‘Inc., Houston, Texas 
Editor - - - R. D. Wyckoff 
Gulf Research and “Development Company 
Pittsburgh, Pennsylvania 
- + William M. Rust, Jr. 
—_ le Oil and Refining Company 
Box 2180, Houston, Texas 
Past-President - - Ww. 
Geophysical Research Corp ration 
Box 2040, Tulsa, Oklahoma 


Business J. F. Gallie 
x 2585, Houston, Texas 


T. Born 
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GULF COAST OIL FIELDS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
c Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED By DONALD C. BARTON AND GEORGE SAWTELLE 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 


and RULES 


To get the best steel tape value for your money, 
simply ask for "Chrome Clad." It's the tape with 
jet black markings on the satin chrome surface 
that won't rust, crack, chip, or peel. 


THE [UFHIN fpuLe C9. 


New York City 


SAGINAW, MICHIGAN 


Write for 
Free Catalog 


The Annotated 


Bibliography of Economic Geology 
Vol. XIll, No. 2 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIII 
can still be obtained at $5.00 each. 


The number of entries in Vol. XIII is 
1,995. 


Of these, 465 refer to petroleum, gas, 
etc., and geophysics. They cover the 
world. 


If you wish future numbers sent you 
promptly, kindly give us a continuing 
order, 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing ti 
Urbana, Illinois, U.S.A. 


THE 


JOURNAL OF 
GEOLOGY 


a semi-quarterly 
Edited by 
ROLLIN T. CHAMBERLIN 


Since 1893 a constant record of 
the advance of geological science. 
Articles deal with problems of 
systematic, and funda- 
mental geology. Each article is re- 
plete with diagrams, figures, and 
other illustrations necessary to a 
full scientific understanding. 


$6.00 a year 
$1.00 a single copy 


Canadian postage, 23 cents 
Foreign postage, 65 cents 


THE UNIVERSITY OF CHICAGO PRESS 


~~ 
EPS \ = SSO \ 
THA g > 
WWFKIN | 
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FIRST IN OIL 
1895 — 1942 


THE 


(=)) FIRST NATIONAL BANK AND TRUST COMPANY 


OF TULSA 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1702 Tower Petroleum Building 
Telephone L D 711 Dallas, Texas 
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BAROID ond CoLox— Drilling Mud zeocEt—Used oso Suspending Agent 4 
Weighting Materials. ‘When High Concentrations of Solt oF 
Colloidal Drill- golt Water Are Encountered 
ing Cloy- IMPERMEX—A Concentrated Colloidal 
4 Loss of Muds- 
woter Resisting OF micatex For Redes Woter Loss 19 
Cireviation ond Cementing Casing: Drilling 
SMENTOX— Counteracting the Control. 
( for Re- BAROID WELL LOGGING service— 
ot Conta! 
parolDd SALES pivisio™ Ha 
ganoid SALES OFFICES: youston LOS ANGELES TULSA 


Under this Spencer Microscope is a 
cutting tool—one of many especially 
designed to speed the production of 
the famous Bell Airacobra, “‘the cannon 
on wings.” 


The engineer who is studying it sees 
far more than a clear, stereoscopic 
magnification of its detail. In his mind’s 
eye, he sees a record-breaking produc- 
tion of American fighting planes, for 
he is one of the many specialists who 
are gearing up the tempo of our great 
airplane factories to war pitch. ~ 


To meet the unprecedented needs of 
wartime production, Spencer has great- 


WHAT does this man see? 


ly multiplied its manufacturing facili- 
ties. These facilities, plus nearly a 
century of experience, today are being 
devoted to national defense. 


* * * 


Optical instruments are so vital to defense that the 
nation’s needs absorb practically all of Spencer's greatly 
increased production. We are, of course, endeavoring to 
give our customers the best possible deliveries, but under- 
standable delays and shortages are bound to occur. 


* * * 


Spencer 
BUFFALO, NEW YORK 


SCIENTIFIC INSTRUMENT DIVISION OF 
AMERICAN OPTICAL COMPANY 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA, E.M.M.Sc. 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS’ HANDBOOK has been com- 
pletely revised and enlarged. The many changes which have been made during the past two 
years in the Standard Specifications of the American Petroleum Institute, particularly in pipe 
specifications, are incorporated in the new edition. Several tables are rearranged and charts 
enlarged to facilitate their use. Table of Contents and Index are more complete. Also about 90 
pages of new formulae, tables, charts and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 


Chapter | —General Engineering Data 
Chapter I] —Steam 

Chapter —Power Transmission 
Chapter IV —Tubular Goods 

Chapter V —Drilling 

Chapter VI —Production 

Chapter VII —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 


Send Checks to the 


GULF PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS 


3 
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e FoR Relocation of Pay Zones 


For Establishment of upper Pay Zones 


ror Location of Questionable Pay Zones 


With the Petroleum Industry facing the prob- 


lem of sustained production for the duration 
despite restricted drilling, facts about forma- 
tion back of pipe are vitally important. 


Radioactivity Well Logging provides accurate 
records of stratification through casing, and 
makes possible the location of all potential pro- 
ducing horizons traversed by the well. Experi- 
ence has proved that a great many wells classed 


**A greater quantity of underground 
reserves of petroleum can be made 
available for production with a mini- 
mum practicable use of materials.” 


Lane-Wells Radioactivity Well Logging is licensed by Well Surveys Incorporated of Tulsa, Oklahoma 


WBP SURVEY 


as “low producers”’ or even as “‘off production” 
can be made commercially efficient at a fraction 
that it pays to “‘call Lane-Wells:’ 


You can determine the possibilities of increased 
production of your wells by calling the Lane- 
Wells Engineer in your district about the advis- 
ability of Radioactivity Logging. When you do 
it, you'll find as have so many other operators, 
that it pays to “call Lane-Wells.” 


RADIOACTIVITY WELL LOGGING 
HES fOUTMOTACIE 
ABOUT FORMATION BACK OF PIPE 
| 
| 
> 
@ 
aa 
GENERAL ¢ EX! OFFICE 4 -5610 SO SOTO ST. LOS ANGELES, CALIF 


bal 
U B S U R F : 
‘ 
SEISMIC EXPLORATIONS, INCORPORATED © HOUSTON, TEX 
, T AS 
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The National 24 T Seismograph represents 
one of the most important developments 
in exploratory seismograph equipment. It 
is readily adaptable to any type of trans- 
portation, embodying an assembly of small, 
lightweight but ruggedly constructed, quick- 
ly interchangeable units. 


EMBODIES THESE OUTSTANDING 
FEATURES... 


24 National Type 24 T Amplifiers 


24 Unit, Mirror Galvanometer, Recording 
Oscillograph 

72 National Type 12 E (Moving Coil-Elec- 
tromagnetically Damped) seismometers 

Wide Range Automatic Gain Control 

Adjustable High-Pass and Low-Pass Elec- 
tric Wave Filters 


NATIONAL GEOPHYSICAL COMPANY 
DALLAS & TEXAS 


é 
i 
% 
i 
} 
| 
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For 15 years we have recommended the use of 
Barret Magnetic Surveys for preliminary geo- 
physical investigations to guide the application 


of more costly detail methods. 


With this procedure our clients have been able 
to weed out large areas devoid of interesting 
prospects, and concentrate their time, money 
and critical examination on local areas having 


favorable possibilities. 


WILLIAM 


Consulting gHREVEPORT, LA: 


GIDDENS-LANE BLDG. 


Bulletin of The American Association of Petroleum Geologists, April, 1942 XXV 
| 
Wy, 
i 
i 
i 
| 
| 
j 
i 
i 
; 
i 


XXxVi Bulletin of The American Association of Petroleum Geologists, April, 1942 


"Much has been written on the origin of oil... 
little on the nature of the substances from which it is derived." 


SOURCE BEDS OF 
PETROLEUM 


BY 


PARKER D. TRASK AND H. WHITMAN PATNODE 


REPORT OF INVESTIGATION SUPPORTED JOINTLY BY THE AMERICAN 
PETROLEUM INSTITUTE AND THE GEOLOGICAL SURVEY OF THE 
UNITED STATES DEPARTMENT OF THE INTERIOR FROM 
1931 TO 1941 


This report presents results of the American Petroleum Institute Research 
Project No. 4 on the origin and environment of source beds of petroleum. The 
work was carried on under the supervision of an Advisory Committee on which 
the following men have served: R. F. Baker, B. B. Cox, F. R. Clark, K. C. Heald, 
W. B. Heroy, L. P. Garrett, F. H. Lahee, A. W. McCoy, H. D. Miser, R. D. Reed, 
and L. C. Snider. 


“Criteria for recognizing rocks that generate oil would help materially in pros- 
pecting for petroleum.” 

“The main object of this study of lithifled deposits has been to determine 
diagnostic criteria for recognizing source beds.” 
@ Approximately 600 pages, with bibliographies and index 
@ 72 figures, 152 tables 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.50, POSTPAID 


($3.50 TO A.A.P.G. MEMBERS AND ASSOCIATE MEMBERS ) 
Begin 1942 well informed—Order now 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA, OKLAHOMA, U.S.A. 
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GAIN WESTERN-—pioneering the 

important advancements in geo- 

physical prospecting—introduces a new and 

important development... Multiple Re- 
cording! 

WESTERN'S new 24-Trace Seismograph 
Unit provides from 2 to 4 complete records 
per shot, obtained simultaneously with dif- 
ferent filters. It permits a more thorough and 
accurate study of seismograms by placing 
two or more records on a single film. In addi- 
tion, it speeds up operations in the field and 


makes important savings in explosives. 

This multi-record innovation ranks in 
importance with the far-reaching advance- 
ment of the multi-string camera, which 
replaced single string types and opened up 
extensive new opportunities in exploration 
technique. 

In the new 24-Trace Unit, WESTERN 
brings oil operators another important addi- 
tion to its modern, complete and dependable 
geophysical service. May we have the op- 
portunity of presenting complete details? 


GEOPHYSICAL COMPANY 


HENRY SALVATORI, PRESIDENT 


epson abe. LOS ANGELES, CALIF. * PHILCADE BLDG., TULSA, OKLA. x ESPERSON BLDG., HOUSTON, TEXAS 


CABLE ADDRESS: WESGECO 


Features of the new CAL: 3 
ANCEMEN 
1: completely yolume control. 
2, Asmany as 8 filter settin$s which ca" 
ve readily changed by the operation 
of 4 switcD- 
3. Newly developed filter circuits which 
pave proved of great value i” ob- 
satisfactory records jn many 
areas pererol ore considered 
unworkable 
4. Extreme gexibility g-trace 
ords, y2-1race records: or one 
record may be obtained as 
desired: 


DRIVING FORCE NEW DISCOVERIES 


UILD up your “‘back-log’”’ of production .. . oil to keep 


’em flying in the future ... and build it on accurate sub- 


surface data compiled by General. 


GEOPHYSICAL COMPANY HOUSTON 
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WE DEPEND ON THE 
REED FOR ALL OUR 
CORING JoBs! 


CORE DRILL 


Operators in every part of the world ‘Core 
with Confidence’ with the Reed ‘‘BR” Wire ' 
Line Coring-Drilling Bit on bottom. They have 
learned through practice and experience that 
for positive results in hard or soft formations 
they. can depend on Reed Core Drills. 


COMPLETE CORING SERVICE 
The REED KOR-KING CONVENTIONAL 
The REED “BR” WIRE LINE 


The REED STREAMLINED KOR-KING 
FOR SMALL HOLE DRILLING 


HARD AND SOFT FORMATION 
HEADS INTERCHANGEABLE 


j 
‘ 
— 
4 
4 


Large diameter core recovered. 


Double Core Catcher---same as- 
sembly is used for both hard 
and soft formation coring. 


Hard and Soft Formation Cutter 
Heads fit the same box connec- 
tion in lower end of Working 
Barrel --- easily interchanged 
for varying formations. 


Floating Core Barrel. 


Replaceable Core Barrel Tip. 


Vent for relieving pressure above 
core as it enters core barrel. 


Plug for keeping Core Barrel 
clean when running in hole. 


Ease of dressing and handling. 
Simplicity and long life of parts. 


Rugged strength of all parts for 
safety. 


HUGHES TOOL COMPANY ° "22312" 
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